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(54) TERMINAL APRARATUS 

(57) A low cost, a low power consumption and a 
smaf! size are three very important factors for a mobile 
communicallon terminal. A great problem is posed bf 
the conventional technique using a DSP and a CPU 
ind^endent of each other w^lch requires Iwo external 
msYiory systems. Also, two peroral units are 
required for data input and output of the DSP and CPU. 
As a result, an extraneous ownmunicaikKi overtiead 
occurs between the DSP and the CPU. The invention 
realizes a mobile communication terminal system by a 
DSP/CPU integrated chip ccMrprising a DSP/CPU core 
(500) integrated as a single bus master, an integrated 
extefTKd bus interface (606) and an integrated periph- 
eral dncuit interface. The memory systems and the 
periphaial circuits of the DSP and the CPU can thus be 
integrated id realize a mobile communication temiinal 
system low in cost and power con^rmption and small in 
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Descnptfon 

TECHNICS. FIEU5 

The present invention retetes to a terminal appara- 
tus for a mobile comrminication system including a dig- 
ital ceiiidar porteble telephone, or more in particular io a 
method of realiang a mobile communication baseband 
system using data processing wits such as a program- 
mable microprocessor (heranafter refen-ed to as The 
CPU") and a digital signal processor (hereinafter 
referred to as "the DSP'], 

BACKGROUND ART 

The processes for a mobile communication system 
relating to the present invention will briefly l» described 
with reference to Fig. 1 . Fig. 1 shows a user 102, a com- 
miviication tenninal 101 and a base station 100. The 
user 102 accesses ttie base station 100 using Itie com- 
municafon terminal 101 and ttwsrecaves various sew- 
ices. The communication wth other communication 
terminals is also perfonned through the base station 
100. Tine communication process between the commu- 
nication terminal and the base elation, therefor, con^i- 
tutes the essential part of ttie oommunicalicHi. 

The communication terminal 101 includes a user 
intettacefeystem controller 109 having the user inter- 
lace lunciion and the system control function, a commu- 
nication protocol processing unit 110 fiaving the 
oommunicatbn prcrtocol processing function, a 
coda/decode proces^ng unit 111 having the speech 
codngiUacodlng function, Sie channel coding/decoding 
function, the modulation/democftjlation function, ^c, 
and an AFE/RF circuit section 105 having an analog 
front end (AFE) and an RF cincuit. The communication 
t«-minal 101 is connected with a microphone (MIC) 103 
and a speaker (SPK) 104. TTie base station 100 
Includes a system controller 1 1 2 having the system con- 
trol function, a communication protocol processing unit 
113 hawing the communicatim protocol processing 
function, a channel coding/decoding function, the mod- 
ulateUemodiiale functiwi, ete.. and an AFE/FtF circuit 
secliOT 106 having an analog frori end (AFE) and an 
RF circuit. 

The communicaHon terminal 101 exchanges infor- 
mation with the base station 100 generally in one of two 
modes: Audio or the like user data are exchanged, or 
control data for system management are exchanged. 

Audb data are exchanged en the following manner. 
The aucfio data input from the microphone iJUUC} 103 
are converted into digital data and compressed by the 
speect> WBOding process in the codsMecode process- 
ing unit 111. The compressed audio data have added 
thereto enor correction Information iyy the channel 
encctiing process in itie codeWecode processing unit 
1 1 1 , and then modulated by the modulation process in 
the code/decode processing unit 111. TTiese processes 



are perfbrmed in a digitai area. The modulated dlg^ 
voice is oonv»ted mto analog data in the analog front 
and (ARE) of the AFBFff' ciraal section 1605, and 
transmifled from an antenna 1 07 over a radio-frequency 

5 wave by the RF circuit of ttie AFEffiF circuit section 1 05. 
This radio wave is received by an antaina 108 of the 
base station 100 and terr^rarlly demodulated. This 
radk) wave is modulated again on ttie frequency (in the 
case of frequency multpledng) as^gned to the other 

10 party of communication, and retransmitted from the 
base station to the other party in a timing of time slots 
(in the case of time division multiplexing) assigned to 
the other party. 

Now, the esjhange of the control data for system 

IS management mil be explained. The communication 
protocol processing unit 1 10 in the communication ta-- 
minal 101 and the commuiication protocol processing 
unit 1 13 in the base station 100 exchar^e data wth 
each other. A virbial logic connection Is established 

so between these two functions. Ttis virhiai logic connec- 
tion is realized by a physical connection described 
b^ow. In fte case wh&e the base station 100 issues 
some instruction to the conmunication lennjnal, the 
process is performed as lolows. The instruction data 

ss according to a predetemiined protocol Is encoded tor 
the communicafion path and mochilated in the 
code/decode processing unit 114. The resulting data 
are converted into analog data in the analc^ tront end 
(AFE) of the AFE/RF circuit section 106, and fransmit- 

30 ted from the RF circuit over a radio wave by way of the 
antenna 108. This radio wave is received by the 
antenna 107 of the oommunicatim terminal 101 and 
converted Into baseband digital date through the RF cir- 
cuit of the RF circuit 105 and the analog front end 

35 (AFE). The digital data are further demodiiated and 
decoded far the communication path by tfie 
code/decode |»'ocesang unit 111 and delivered to the 
communication protocol processing unit 110. 

The two manners in which the communication ter- 

40 minal 101 exchanges data wth the base station 100 
and the related processes are described above. The 
processes related to these operations are generally 
divided Into two types. The speech coding/encoding 
process, the channel codingldeooding process and the 

45 modulation/demodulation process are classified as a 
digital signal process which is suitably realized by an 
exclusive hardware or a programmable DSP (digtal sig- 
nal processor). The commuricalion protocol process, 
on the other hand, is so complicated that it is sijlably 

so realized by software using a high-level language such 
as the C language. 

In view of these facts, a method has recerrtly been 
ftfoposBd in which the speedi coding/encoding proc- 
ess, the channel coding/decoding process and Hie mod- 

55 ulate/demodulafe proems are performed by a DSP, and 
the communication protocol prooera is performed a 
CPU (general-purpose microprocessor), amor^ the 
baseband processes of the mobile commimication fer- 
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minal ("Latest Intormafion on GSM/Systems, Terminals 
and Services". Seminar materials, Japan Indusfriai 
Tedinologlcai Center, May 18 to 19, 1965, and "Devei- 
opmait Trend of Td^jhone Terminal Dewces", pp. 
11 8-130, Japan Phillips). 

Ei^lanatian will be made aboii an example oi a 
mobile communication terminal including a DSP and a 
CPU studied tjy Itie iroentor aoconcfing to the above- 
mentioned well-known examples. The eorample 
explained below is not an exact replica of any welt- 
known examples. This mobile communicalion terminal 
is intended for the GSM (global system for mobile com- 
mimications) constituting a specilication of a digital cel- 
lular telephone In Europe. The mobile comnnunication 
terminal shown in Fig. 2 includes a DSP chip 223, a 
DSP RAM (random access memory) 200, a DSP ROM 
(read-only memory) 201 , a CPU chip 227, a baseband 
analog front erri (AFE) 202, a RF modem 21 0, a power 
amplifier (PA) 212, an antenna 213. a duplexer 214, a 
low-noise amplifia- (LNA) 215, a miraiophone 208, an 
amplifier Amp^ a ^eal<ef 209, a drive circuit Dri, a fre- 
quency synthesizer 216, a system timing circuit 219, a 
voltage controlled system clock 221, a 1/4 frequency 
dividing circuit 222, a sounder DA converter 231, a 
souider 230, a drive circuit Driver, a battery monitor AD 
converlffl- 232, battery monilof circuit 233, a battery 
234, a CPU RAM 239. a CPU ROIM 238, an LCD (liquid 
crystal device and a liquid crystal panel) 237, a SIM 
(subscrBjer identity module) 236 and a keyboard 235. 
TTie basebwKl analog front end (AFE) 202 includes a 
PA (power amp) D/A converlBr 203, an AD/DA ooiv 
vater 204, an AQC (auto gain control) D/A converter 
205, an audio ADvOA corwerter 206, and an AFC (auto 
frequsrey control) D/A converter 207. TTie DSP RAM 
(200) and the DSP ROM (201) are cormected through 
an external DSP bus 240 to the DSP cJiip 223. 

Ttie function and operation of this terminal win be 
explained briefly 

During the audio Iransmisaon, the voice input from 
the microphone 208 is amplified by ttie anplifier Amp. 
and converted into digital data by being sampled at the 
audio A/D converter 206. The sampling rate is 8 kHz, 
and the bit accuracy is 13 bits. The data thus digitized Is 
sent to the DSP chip 223, and after being compressed 
and encoded for the communication path, delivered to 
the l/Q D/A converter 204 of the analog front end (AFE) 
202 . This signal is modulated and converted into analog 
data and ir^ to the RF modem 210. The resulting sig- 
nal s sent out from the anfema 213 over an RF fre- 
quency (800 MHz). The duf^exer (214) is used tx 
separatiTg the input radio wave from the output radio 
wave. The high-frequerKy sine wave 217 used for high- 
frequency moduiation/demodulation is synthesized by a 
frequency synthesizer 216. The frequency synthesizer 
216 is connected tiirough a signal line 218 to the CPU 
cWp 227. Tlie FIOM (201) has txiilt therein a progran 
executed bv the DSP chip 223. The RAM (200) is used 
for operating the DSP chip 223. 



At the time of audio recel^ng, the data rec^ved by 
the antenna 213 are input to the RF modem 210 
through flie low-noise amplifier ( IJJA) 21 5. This signal Is 
converted into a low-frequency baseband analog signal, 

5 and is delivered to the l/Q A/D conv&ter 204 of fine ana- 
log front end (AFE) 202. The data sampled and con- 
verted into digital data are sent to the DSP chip 223 
where it is demodulated, channel decoded and decom- 
pressed. After fhat, the data is converted into analog 

10 data at the aucOo D/A converter 206 and oulputfrwn the 
speaker 209. 

When the user makes a phone call, he uses a key- 
board 235 and an LCD (237). The SIM 236 is a replace- 
able user ID module, which is mounted on the 

IS communication terminal to enable the user to use the 
fenninal exclusively The ROM (238) has built therein a 
program that can be ececuted by the CPU chip 227. Tlie 
RAM (239) is used for operating the CPU chip 227. TTie 
battery 234 is a main battery for Hie whole terntinal, and 

so the remaining cecity of the battery 234 is monrtored 
by the CPU chip 227 through the battery monitor circuit 
233 and the battery monrtor A/D converter 232. When 
thK-e is a telephone call, the CPU chip 227 turns on the 
sounder 230 through the sounder D/A convwter 231 . 

2S The basic dock 13 MH^ of ftis terminal is supplied 
from the voltage oontrolled system clock 221 . From this 
basic clock, the system timing circuit 219 produces 
required system liming signals 241 , 220 and dislrfcute 
them into the terminal. The basic clodc is also supplied 

30 to the DSP chip 223 and the CPU chip 227. The DSP 
procsKing in the GSM is said to require 20 to 50 MIPS 
(mega instructions per second). In Fig. 2, the DSP chp 
op«Btes at 52 MHz, i.e., a frequency four times as high 
as the basic clock 13 MHz using a PLL (phase lodted 

35 loop) circuit 225 mourrted in the DSP chip. The CPU 
processing in the QSM, on the other hand, is said to 
require 1 to 2 MIPS. In Fig. 2, therefore, a frequency one 
four^ the basic dock 13 MHz is generated by the 1/4 
frequency divider circuit 222, and the CPU is qaerated 

40 at this rate. 

The basic cfock 13 MHz of the terminal is required 
to be strictly syrwhronized with the master dock fre- 
quency 13 MHz of the base station. This is achieved in 
the manner described below. First, the strict frequency 

4s information is received from the base station. The DSP 
controls the voltage controlled system clock 221 
through an AFC (automatic frequency control) D/A con- 
verter 207 on the b^is of ttiis information ftereby to 
regidate the frequency. Alsa an instruction for output- 

so ting a radio wave may be appfled from the base statkxi 
to the twminal. In that case, the DSP chip 223 drives the 
PA (powffir amplifier) D/A converter 203 and regulates 
the output of the power artpiifier (PA) 212. Further, the 
DSP chip 223 reguiaies ttie gain of tfie RF modem 

Bs through the AQC (automatic gain control) D/A cwwerter 
205 on ttie basis of the amplitude infonnation of the 
received signal. 

The communiration between the DSP ch|) 223 and 
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the CPU chip 227 is effected in the following manner. 
The DSP tihp 223 is connected ttirough a DSP host 
intertace (HIF) 224 to a CPU external bus 229 of the 
CPU chip. The CPU chip 227 can freely read and write 
the internal resources of the DSP chip 223 from the 5 
DSP host interface {H\Fj 224 through the CPU external 
tHis interface 228 and the CPU external bus 22a When 
the DSP chip 223 is desirous of infbmrung the CPU chip 
227. an INT (interrupt} signal 226 Is used. 

The above-described cwiventional mettiod using 10 
two independent units of DSP and CPU however, 
requires two different memory systems for the DSP and 
the CPU. In the above-mentioned well-known system, 
all the DSP memories are formed on a chip. This is 
because fliat the GSM system has just introduced and is 
the capacity required fer the DSP memory is still smali. 
In the case where the half-rate audio encoding tech- 
nique is introduced in full scale witti the increase in the 
number of aibscribers in the future, however, the termi- 
nal is required to accommodate botti the full-rate asvi so 
the half-rate techniques. In that case, both of tfie 
^eech encoding programs are required to be incorpo- 
rated in the DSP. Further, since the current full-rate 
sound quality for the GSM system is not satisfactory, an 
enhanced full-rate audio ertcoding system is b&ng stud- sb 
led. Once this system is realized, three speet^ encod- 
ing programs n%isl be RfiocrpoFated. Also, a DSP 
progr^ for an added value such as a speech recogni- 
tion program for voice dialing wil probably be incorpo- 
rated as a technique fer differ^ating the so 
comnxfiriication terminals. TTiereforei. it is not practica- 
ble, H only in terms cost, to package as a chp all the 
DSP prc^ame eixpected to increase in the future. 

In the fuliffe. therefore, a memory external to the 
DSP seems unavoidable. In view of the fact ttrat the as 
reduction in cost, power consumption and size is crucial 
for a mobile communication temiinal, however, the use 
of m> edernal memories poses a great problem. 

On the other hand, two systems of data input-out- 
put p^iptieral units have so far been required for DSP lo 
and CPU. This causes an extraneoe communication 
overhead between the DSP ami the CPU. 

DISCimjRE OF INVENTION 

45 

In view of the above-mentioned fxdbl&n points, the 
object of the present Invention is to provide a method of 
realizing a mobile communication fernsnal system low 
in cc6t, power conaimption tmi size by integrating the 
memory systems and the per^^al circuits of Hie DSP so 
and the CPU. 

The above^nentioned and other objects d the 
present invention and the novel features thereof will be 
made afflsarenf from the following description of the 
specification and the accompanying drawings. » 

Repr^ntative ^ects of the invention disclosed 
in Ifiis patent ^llcalion are tsief ly described below. 

pacifically, a mobile communication temiinal sys- 



tem is realized by a DSP/CPU mtegnated chip compris- 
ing a DSP/CPU core integrated as one bus master, an 
integrated external bus interface and an integ-ated 
pa'ipheral circuit interface. 

Also, in order to increase ttie speed of access to the 
external menwry by the DSP, programs and data tor an 
internal memory and an external memory are arranged 
aocording to the processing of the mobile communica- 
tion twminal. 

Further, in order to improve the speed of access to 
tfie peripheral circuit by the DSP, a plurality of samples 
are transferred concunently. 

In generating a program for a microprocessor used 
for the mobile communication terminal, the address reg- 
ister for the digital sign^ processor for realizing the DSP 
function is mapped to the register subset ol the centra! 
processing unit for realiang the CPU function, and an 
argument is ^ansferred to the register subset of the 
oerttral processing unit 

Also, the mobile communication temiinal tor effect- 
ing radio communication by exchan^ng data with tie 
base station includes a data processing unit for execut- 
ing a program stored in a menrwry, and a memory hav- 
ing an area for storing a speech aiooding pr<^am, an 
area for storing a speech decoding [xogram, an area for 
storing a channel encoding program, an area for storing 
a channel decoding progreun, an area for storing a pro- 
yam for contrdling the pratocd for communication with 
ttie base station, and an area for storing a user interface 
control program. Ea(Si area of the memory is an^anged 
in an address space of the data processing unit. 

The data processing unit includes a di^l signal 
processor for executing the speech encoding process, 
the speech decoding process, the diannel enraxJing 
process and t\e channel decoding process, and a c^- 
iral processing unit for controlling the protocol for com- 
munication with tlie base station and also con^olling the 
interface with the user. These funcfions are desirably 
arranged on a single semiconductor substrate. 

In order to improve the processing speed of the dig- 
ital sagnal processor, the area for storing the speech 
encoding program, the area for storing the speech 
deoo(£ng program, the area tor stoffng the channel 
encodng pro-am and the area for storing Oie channel 
decoding program, are stored preferably in a mennry 
built in the data processmg unit. 

The areas for a prog'am not requiring a Ngh-speed 
procesang including the area for storing a program for 
controlling the protocol for oommunication with the bass 
station and the area for storing a program for owitrdling 
the interface with the user, on the other hand, are stored 
preferably in a memory external to the data processiig 
unit. 

"TTie data processing unit further comprises a serial 
input-output circuit for kiterfacing with an anatog-digit^ 
oonversion circuit and a digital-analog conversion circuit 
in the address space of the central procesang i^it 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 1s a diagram showing a basic coniiguration of 
a mobile communication systenfi. 

Fig. 2 is a diagram showmg a codiguraifon of a 5 
GSM mobile cormiunicatkm tomnaJ using a DSP and 
a CPU. 

Fig. 3 is a diagram showing a configuralion of a 
DSP/CPU iitsgtated chp closely couf^ed witfi each 
other. 10 

Rg. 4 is a diagram lowing a configuraticBi of a 
DSP and a CPU integrated simply into a single chip. 

Fig. 5 is a diagram showing a configuration of a 
mobile communication terminal accofding to a 
first embodinenl of the invention. is 

Fig. 6 is a diagr^ stnwing a configuration of an 
intern^ memory and an external memory connected 
according to a first embodfment of the invention. 

Fig, 7 Is a diagram showing a configuralion of a 
D^/CPU integrated chip wHh a cache according to a so 
second embodiment of the inventiOT. 

Fig. 8 is a diagram showfng a basic form of memory 
assignment In an application of a mobil e communication 
terrrtnal according to a fliird embodimem of the inven- 
tion. 25 

F^. 9 is a diagram showing an enlarged form cH 
memory assignment In an appiicaticn of a mobile com- 
municafion temiinal according to the third en*odiment 
of tie irwention. 

Figs. 10A, 10B are a connection diagram and a so 
time chart, respectivBly, for a DSP/CPU integrated chip 
with a burst ROM directly corffiected according to a 
fourtfi embodiment of the invenlioii 

Fig. 1 1 is a diagram showing an exanple ol a mem- 
ory map of a DSP/CPU integrated chip. as 

Figs. 12A, 128, 12C are a connecton diagram and 
a time Claris, respectively, for a DSP/CPU integrated 
chS) with a DRAM directly connected according Id a f ifSi 
embodiment of the invention. 

Rgs. 13A, 13B are a oonraclion diagram and a «j 
time chart, respectively, for a DS^/CPU integrated chip 
and an l/Q signal AD/DA converter accorciing to a sixth 
embodiment of the invention. 

Fig, 14 is a diagram showmg a configuration of a 
serial input-output circuit according to the sixth embodi- 45 
mentofthe invention. 

Figs. 15A, 15B are a connection diagram and a 
tmie diart respectively, for a DSP/CPU integrated chip 
and an l/Q signal AD/OA converter according to a sev- 
enth embodiment of the invertior. so 

Rg. 16 is a diagram shomng a cortfiguration of a 
serial input-output circuit accMting to the seventh 
entiodiment of the invention. 

Figs. 17A, 17B are a connection diagram and a 
time chart, respectively, for a DSP/CPU integrated chip ss 
and a power artptifier control D/A cOTverler acowding 
to an eighth embodiment of the invention. 

Ftg. 18 is a diagram showing an overhead at a con- 



ventional GSM nubie conBnunication terminal using a 
DSP and a CPU. 

Fig. 19 is a diagram ^lovwng timings and ou^ut 
wavetof ms for controlling the power anplifier in a GSM 
mobile communication system. 

Rgs. 20A, 20B are diagrams showing an overhead 
in power amplifier control according to the e^rth 
embodiment of the irwenSon. 

Rg. 21 is a cKagram showing a configuration of a 
E>^/CPU integrated chip having an integrated ASIC 
bus intfflface according to a ninth embodiment of the 
invention. 

Rg. 22 is a diagram showing a configuration of a 
CPU in a DSP/CPU integrated chip. 

Rg. 23 is a ciagram showing an example of the C 
program for explaining a tentti embodiment of the inven- 
tion. 

Rg. 24 is a diagram showing hardware related to an 
eeserrbler progam for expEainng the tenth embodiment 

of the inventioa 

BEST MODE FOR CARRYING OUT THE IMVENTON 

[DSP/CPU integrated chip] 

The DSP/CPU integrated chip doeely coupled on 
which the Itwenlion is based mil be explained. Details 
are described in JP-A-7-1 32906 filaJ by the same 
inventors. An samiple of the closely-coupled DSP/CPU 
integrated chip is shown in Fig. 3. A DSP/CPU inte- 
grated chip 300 defined by dottaf line in Fig. 3 is formed 
on a single semiconductor substrate made ol such 
matariaJ as single crystal silicon by the semiconductor 
integrated circuit Mbrication tediniques. Rg. 3 shows 
the DSP/CPU integrated chip 300, an external RAM 
(random ^ess memory) 326, an external ROM (read 
only memory) 327, an external address bus (EA) 325, 
and an external data bus (ED) 324 defined by the dotted 
fne. 

The DSP/CPU integrated chip 300 includes a 
DSP/CPU closely-coupling integrated core 305. an 
internal memory X 304, an internal memory Y 303, an 
integrated bus interfece 418, a DIViAC (drect. memory 
access confroller) 317. an integrated peripheral bus 
interfece 419, a DSP peripheral circuit 322 and a CPU 
peripheral circiit 323. These component elements are 
ccwinected to eadi other through three types of internal 
memory address buses Including an X add-ess bus 
QU>i 302, a Y address bus (YA) 301 and an I address 
bus (lA) 314, three types of internal memory data buses 
including an X data bus (XD) 315, a Y data bus (YD) 
316 and an 1 data bus (ID) 313, an integrated peripheral 
address bus (PA) 320, and an integrated peripheral data 
bus (PD) 321. 

The DSP/CPU dosely-coupling integrated core 305 
inckides a CPU core 307 and a DSP engine 306. Tlie 
main component elements of the CPU core 307 are an 
insloicfion decodsff 308. an ALU (arithmetic^cpc mit) 
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309 and registers 310. The main oornportent Glements 
of the DSP engine 306 are arithmetic untts inctuding a 
Multiply and Accumulate unit 311 and re^sters 31 3, but 
not an instruction decoder. 

The CPU core 307 reads an instruction from the 
interrial manory X 304, the internal memory Y 303, the 
external RAM 326 or the extern^ ROIM 327. which 
instruction is deooded by the instruction decoder 308 
and BiXBCutBd. Tlie DSP engine 306 operates in axxxd- 
ance with the instruction from the CPU core 307. In 
other words, w*ien the insbuctlon from the DSP is exe- 
cuted, tl» CPU core 307 and the DSP engine 305 c^Jer- 
ate concurrently In interlocked relation. 

The DSP as referred to herein is defined as the abil- 
ity fo execute the FIR (finite response filter) operation 
constituting the t>asic digital signal procesang operation 
at the rate of one cyde per tap. Generally, this is 
reqiared to meet the following four conditions at the 
same ttmsL They are (1) the MiJtlply and Add operation 
can be arecuted in c^e cycle, (2) two data can be 
accessed simultaneously from memory In one cycle, (3) 
instruction repeat is supported without overhead, and 
(4) the modulo addressing mode is supported. These 
DSP functions are disclosed in d^il as well-known 
intormation in, lor example^ "DSPSeiie Digital Signal 
Processor User's Manual" issued by Mcitarote Inc., 
1 990. In view of these four conditions, a simple Multiply 
and Acaimilate unit or an FPU (floaiBig point unit) can- 
not be called a DSP engine herein. 

The CPU referred to herein, on the ottier hand, 
means a standard microprocessor having an architec- 
ture that c^ efficiently compile and execute a program 
written In a high-level language such as the C language. 
An example is disclosed in dstai in "Hitachi Single-Chip 
RISC Microcomputers SH7032, SH7034 Hardware 
Manual", third edition, March 1964, issued by Hitachi 
Ltd. 

As described above, the feature of the DSP/CPU 
closely-coupling integrated core 405 shown in Fig. 3 lies 
in that it has both tfie standard CPU tunctaon capable of 
effidentiy compiling and executing a program written in 
a l^h-teirel language sudi as the C language and the 
DSP functiai capable of executing the FIR filter opera- 
lion at the rate of a cyde per tap, which two functions 
are controlled fcy a single insfruction sfream. Also, the 
DSP/CPU closely-coupling integrated core 305, which 
has only one instruction decoder and one control sys- 
tem, is iniegraJed as a angle unit when viewed as a tajs 
n^ster. In other worels, the peripheral circuits and mem- 
ories associated with tiie hsses eae shared integrally by 
the DSP function and the CPU function. The program 
for executing the DSP function and thai tor executing the 
CPU function are boSi arranged in the address space of 
the CPU core 307. Rg. 3 shows the manner in whach a 
DSP peripheral circuit 322 and a CPU peripheral circuit 
323 are integrated through an irrtegrated peripheral bus 
intertece 319. An erample of Ihe DSP peripheral drcuit 
322 is a serial input-output circuit. Examples of the CPU 



periphery circuit 323 are a parallel input-oulput drrait, 
a serial irfxit-output drcuit a timer and an A/D con- 
verter circuit. The DSP peripheral drcuit 322 and the 
CPU p^qsheral drcuit 323 are integrated with each 

5 oflier, that is, they are arranged in a common address 
space. The DSP peripheral circuit 322 and the CPU 
peripheral drcuit 323 can both be used by the DSP 
ftjnctioin and the CPU function. Fig. 3 also shows the 
manner In wliidi the external RAM 326 and the external 

10 ROM 327 are shared by the DSP fundion and ttie CPU 
frinct'on through an integrated external bus interface. 

[Independent DSP and CPU ch^] 

IS By way of comparison, a ranventional case in 
which a DSP and a CPU are used as elements inde- 
pendent of each oitier win be explained with ref^ence 
to Fig. 4. Rg . 4 is prepved by the inventors according to 
8 well-known exarrple ard is not an exact repSca of the 

so well-known example. Ttie system of Fig. 4 comprises a 
DSP chip 400 defined by dotted line, a CPU chip 413 
defined by dotted line, a CPU external RAM 430 and a 
CPU external ROM 431. In ttie case where the DSP 
chip and the CPU chip are Incoipoiated on a single chip 

25 in sirrple fashion, ttia two areas defined by the doffed 
lines constitute one inte^ated drcuit 

The CPU chip 413 includes a CPU core 414, an 
"mternaJ memory 418, a CPU peripheral bus intalace 
421, a CPU external bus interface 422, a DMAC 423, 

so and a CPU peripheral circuits 426, 427. 

These component elements are connected to each 
ofiier through an internal txjs address (lA) 41 9, an inter- 
nal data bus (ID) 420, a CPU peripheral address bus 
(PA) 424, and a CPU peripheral data bus (PD) 425. The 

35 main component elements of the CPU core are an 
instruction decoder 41 5, an ALU 41 6 and registers 417. 
The CPU core reads an instruction from the Internal 
memory 418, the CPU external RAM 430 or the CPU 
external ROM 431, which Instruction is decoded by the 

40 instrucfion decoder and executed. The CPU exiem^ 
bus interface 422, the CPU eternal BfiM 430 and the 
CPU edffl-nal ROM 431 are connected to eadi (flher 
through external address bus (EA) 428 and an exter- 
nal data bus (ED) 429. The DSP chip 400 indudes a 

45 DSP core 403, a DSP interna) memory X 404. a DSP 
internal memory Y 405. a DSP peripheral circuit 406, a 
CPU/DSP interface 410, a Y address bus (YA) 401, an 
X address bus (XA) 402, an X data bus (XD) 41 1 and a 
Y data bus (YD) 412. The DSP core 403, on the other 

so hand, includes an instruction decoder 407, arithmetic 
units including a Multiply and Accumulate unit 408 and 
a register 409. The DSP cxwe 403 reads a DSP exclu- 
sive instruction from the DSP internal memcM-y X 404 or 
the DSP internal memory Y 405, which instruction is 

65 decoded by the instaiction decoder 407 and executed, 
in the case where the DSP has an exclusive external 
nremory, though not shown in Fig. 4, sudi a DSP exdu- 
srve instruction may bs read from such an external 
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memory, decoded by tte instruction decoder 407 and 
sxGcuted. In Frg. 4, the intomai address bus Qfi^ 419 
and Ihe irtlerral date bus (ID) 420 are connected to tl» 
CPU/DSP interface 410. Instead, CPU/DSP interfece 
410 Is connected to the external address bus (EA) 428 
and the external data bus (ED) 429, when CPU chip 41 3 
and DSP chip 400 are structured by independent chips. 

In the case where a DSP cinlp and a CPU chip are 
incoiporated in a single chip in sin^e feshion as 
described *owe, the respective memra-y spaces and 
peripheral circuits are completely independent of each 
Other and cannot be mutually accessed. 

The features of a closely-coupled DSP/CPU inte- 
grated chip on which the invention is based have been 
described above. Now, the features of a mobile comn^j- 
nicaiion terminal realized using this closeiy-roupled 
DSP/CPU integrated chip will be explained with refer- 
ence to embodments. 

[First eiT4x)dimeri: GSM terminal] 

Afirst embodiment of the invenfion wil[ be explained 
wth reference to Figs. 2, 5 and 6, Fig, 5 shows an 
example of a GSM terminal realized using a closely- 
coupled DSP/CPU integrated ctip. The configuration 
shown in Rg. 5 is basically the same as that of Fig. 2 
described in detail above. In Fig. 5, the two independent 
chips indudii^ the DSP chip 223 and the CPU chip 227 
used for the GSM lemiinal of Fig. 2 are r^laced by a 
single closely-coupled DSP/CPU integrated chip. The 
GSM terminal of Rg. 5 comprises a DSP/CPU inte- 
grated chip 500, an irrtegrataJ AFE (analog front end) 
501, a battery 510, a battery monitor circuit 509, a 
sounder 511, a RF circuit 513, a PA (power ampiifier) 
514, an antenna 515, a duplexer 516, an LNA (kw- 
noise amplifier) 517, a microphone 518, a Speaker 519. 
a frequency synthesizer 533. a system timing circuit 
520, a voltage-controlled system dock 523 and Inte- 
grated modules 527 to 531 connected to an integrated 
extern^ bus 526. 

The integrated modules include an external RAM 
527 shared by the DSP/CPU, an external ROM 528 
shared by the DSP/CPU, an LCD 529, an SIM 530 and 
a keyboard 531 . The DSP/CPU integrated chp SOO is 
identical to the DSP/CPU integraled chip 300 shown in 
Rg. 3. The integrated AFE (analog front &vi) 501 
incl udes a battery monitor A/D converter 502, a sounder 
D/A converter 503, a PA D/A converter 504, an IQ 
AD/DA corwerter SOS, an audio AD/DA converter ^6 
and an AFC D/A converter 507. The battery 510, the 
battery monitor circuit 509, the sounder 51 1 , the cfeive 
circuit Driver, the RF modem circuit 513. fte PA ftwwar 
amplifier) 514, the anterra 515. tfie duji^ecer 516, the 
LNA (low-noise amplifier} 514. the microphone 518. Bie 
amplifier Amp, the drive circuit Dri, the speaker 519, the 
higtHrequency sine wave 532, the frequency synthe- 
sizer 533, Uie system timing circuit 20, the system tim- 
ing signals 521, 541, the signal line 522, ttie voltage- 



oontrofled system clock 523, the battery morutor A/D 
converter 502, the sounder D/A converlBr 503, the PA 
D/A converts 504. the IQ A/D converter 505. the AQC 
D/A converter 506, the audio AD/DA converter 507, ttie 

5 AFC D/A converter 508. the LCD 529, the SIM 530 and 
the keylmard 531 , re^ectively, con-espond to and have 
the same function and opa^te the same way as the 
oomponentE in F«. 2 indudartg the battery 234, the bat- 
tery monitor ciroit 233, the soiffxler 230, the drive cir- 

10 ojit Driver, the RF modem circuit 210, the PA Qaower 
amplifier) 212, the antaina 213, the duplexer 214, itie 
LNA (low-noise an^ifier) 215, the microphone 203, the 
amplifier Arrp, the drive circuit Dri, the speaker 209. the 
frequency synthesizer 216, the system timing drcuit 

!5 219, the system timing signals 220, 241 , the signal line 
218, the vottage<xxitrolled system dock 221, the bat- 
tery monitor A/D converter 232, the sounder D/A con- 
verter 231, the PA D/A oonvarfer 203, the IQ AD/DA 
converter 204, »ie AGO D/A converter 205. the audo 

20 AD/DA converter 206, the AFC D/A corrverter 207, Uie 
LCD 237, the SIM 236 and the keyboard 235, re^jec- 
tlvely The function and cperatlon of the QSM terminal of 
Fig. 5 are the same as those of Fig. 2 and will not be 
explained. The Inte^ed external bus 526 is connected 

2s with the extern^ RAM 527 and the external ROM 528 
permitting access thereto by both the CPU function and 
the DSP function. 

Rg. 6 shows the detailed relation betweei the 
DSP/CPU integrated chip with the internal memory and 

30 ttie external memory. In Fig. 6, the DSP/CPU integrated 
chip 600, the external ROM 611 and the external RAM 
612 are connects through the ecternal address bus 
609 and the external data bus 610. Also, Fig. 6 shows 
the manner in which the DSP/CPU closely-coupling 

35 core 601, the intend ROM 602, the internal RAM 603 
and the integrated external bus interface 606 are con- 
nected to each otiier throuf^ the intwnal data bus 604 
and the internal address bus in the DSP/CPU Integrated 
chip 600. The DSP/CPU dosely^xjupling core 601 is 

40 Integrated as a single bus master. The great featire of 
the configuration, tf>erefore, is that both the DSP func- 
tion and the CPU function can art»trariiy access any of 
the internal FtCHM 602, the intemaf RAM 603, the exter- 
nal ROM 61 1 and the external RAM 612. This corfigu- 

4s rattan makes it especially possible to use the internal 
memory effectively without any waste. 

The DSP/CPU integrated chip 600 Is identical to the 
DSP/CPU integrated chip 300 of Fig. 3 and the 
DSP/CPU integrated chp 500 of Rg. 5. Other compo- 

50 nent elements of the D&PiCPU integrated chip 600 are 
not shown, howevw, as they are not necessary for 
ejqjianation. TTie-^re, the DSP/CPU ctosely-coupling 
core 601 corresponds to the DSP/CPU d08^-«MJplHig 
core 305, the Internal bus 604 to the internal menwy 

55 data bus ID 313, the internaf bus 605 to the internal 
memory address bus «)6, and the integratal external 
bus interface 606 to tiie integrated external bus inter- 
face 318. The internal ROM 602 and the internal RAM 



7 



EP0855G43A1 



14 



6Q3, however, correspond respedivdy to Ihe ROM and 
the RAM of Ihe internal memory X 304 and the internal 
memory Y 303. 

The external address bus 609 corre^onds to the 
e}itemal address bus (EA) 3125, the extern^ data bus 
610 to the external data bus (ED) 324, the externa! 
ROM 611 to the external ROM 327 and the external 
ROM 528, and the external RAM 612 to m external 
RAM 328 and the esdernal RAM 527. Also, the external 
bus 526 includes both the external address bus 609 and 
the external data bus 610. 

As shown in Figs. 5 and 6, acconjing to the lirsl 
embodiment of the invention, the ©eternal RAM and 
ROM are completely shared by the DSP and the CPU, 
and therefore, the need Is eliminated of the external bus 
240. the external RAM 200 and the external ROM 201 
exclusive to the DSP that are used in the prior art shown 
in Fig. 2. Also, the signals HIF214 and ttie INT^26 
between the DSP ch^ 223 and the CPU chip 227 are 
eliminated. In this way, the integration can reduce the 
number of the buses. Ihe signal lines and the memory 
chips and hence can resize a mobile communication 
taminai low in cosit, smdl in power oonsunn|3ljon and 
small m size. 

Second embodiment: buSHn cache memoi7] 

A second embodiment of the invention will be 
described with reference to Figs. 5. 6 and 7. In the sec- 
ond embodiment, the internal RAM of the DSP/CPU 
integrated chip of the first embodiment is replaced by a 
cadie memory to improve the speed of externa! mem- 
ory access. 

file external memory that can be directly consled 
to the conventional independent DSP is lirrtled to a 
SRAM (static RAIW) or a ROM. A DRAM or a RAM/ROM 
havBig a high-speed access mode cannot be directly 
connected Id the conventional independent DSP. Also, 
the aoces^ble data size is limited to 1 6 bits, and access 
in byte (8 bits) or long word (32 bits) are impossible. 
This is because the length of instructions and data are 
fixed to 16 tMts in the DSP chip used with the nvMe 
commuracaUon tenrtinal, wMch in turn is derived from 
the fact that the speech coding, the channd coding and 
the modulation/demodulation process to whicli the DSP 
is applied are sufficiently performed by the instruction 
and data length of 16 bits. The timrtation of accessiUe 
data size to 16 bits fecilitates the oor&ol of external 
memory acrass. and makes it possible to execute the 
©tternal access in one cycle if a suffiderSly Wg^-speed 
memcxy is used. 

On the other hand, some of the conventional inde- 
pendent CPU chips are connected directly to various 
external memories Including a DRAM or a RAMfl=50M 
having a high-speed access mode. An example is 
described in "Hitachi Single-Chip RISC Microcomputers 
SH7032, SH7034 Hardware Manual", Third Edition, 
March 1994, issued by Hitachi LW. It is also commonly 



known that these CPU chips stpMrt all of the byte (8 
bit) access, the short word (1 6 bits) access and the long 
word (32 bits) access, since it is indispensable lor eifi- 
cienfly executing a program writfrai In a W^-level iwi- 

5 guage such as the C language. In spite of this, howewr, 
external memory access is complicated to contnol and 
requires at least 3 cycles. 

As described above, the conventional DSP chip 
and the CPU chip have support different extern^ mem- 

10 ory interfaces suitable for their respective applications. 
In the case wSiere the DSP function and the CPU func- 
tion are Integrated with each other as in the presem 
inverrtion, the conventional external memory interface of 
CPU type is desirably used. Nevertheless, the problwn 

is is posed of slow external access for Ihe DSP function. 
In view of this, according to the second embodi- 
ment, the internal RAM of the DSP/CPU integrated chip 
of the first embodiment is replaced by a cache mmoty 
to improve the external memory access speed. Rg. 7 

20 shows in detail the relation between the DSP/GPU inte- 
grated chipi the cache (itrternal memori^ and the exter- 
ned memory in the case where the internal RAM of Fig. 

6 is replaced by a cache memory 

In Fig. 7, the DSP/CPU integrated chip 7D0, the 
SB external FOM 713 and the external RAM 714 are con- 
neded to each Oha through the external address bus 
711 and the extemal data bus 712. Rg. 7 also shows 
the manner in which a DSPXJPU closely-coupling owe 
701, an internal ROM 702, a cache (internal RAM) 704, 
30 a DMAC 705 and an integrated external txis interlace 
708 are connected to each other through an internal 
data bus 706 and an internal address bus 707 in the 
DSP/CPU integated chip 700. The configuration of Rg. 

7 is differait fron that of Rg. 6 only in that in Fig. 7, the 
3B cache(intemalR/^)704andacac^econtroler703HT 

place of the internal RAM 704 of Fig. 6 are built oi the 
DSP/C^U integrated chjp. Tlie DMAC 705 is shown in 
Rg. 7, but not in Fig. 6, because the DMAC is not 
required for explanation in Fig. 6. As shown in Fig. 3, the 

40 DMAC is built in the DSP/CPU integrated chip. The con- 
nection between the cache controller 703 and the 
DMAC 705. however, is applicable only to Rg, 7. 

The access of the DSP/CPU ciQsely-coi4]ling core 
701 Id an address suppwted by the cache function is 

45 Iblowed by the ftdlowing-described operations. Rrsf, 
the cache 704 checks to see whether the data of the 
particular address is contained in the cache 704, and if 
contained, accesses the data. In the absence of such 
data, on the other hand, the cache 704 notifies the 

so cache controller 703, which activates the DMAC 70S to 
read a pdur^ity of neighboring data (500 B to 1 kB in 
many cases) including the particuiar data from the 
ecternal memories 713, 714 into the cache 704. These 
data are supplied to the DSP^PU ctosely-cotpliig core 

55 701. 

The reference to programs and data has a locaBty. 
In other words, whan a given address is referenced, the 
poGsi)Oity of Vne neighboring addresses being next 



8 



15 



EP0 855643A1 



16 



addrossed is very high. The use of a mechanism having 
a cache as described above, ^eretore, makes it possi- 
ble to access the external memories 713, 714 at the 
same average rate as an internal memory. Such a 
cache is disclosed in, tor example, "Super RISC Engine 
SH7604 Hardware Manual", First Edition, September 
1994, ssued by Hitachi Ltd. In Itie cache memory for 
the microprocessor described in His manual, however, 
the artMunt of data real from an ectemal memory in the 
absence of corresponding data (rrHss-hit) in the cache 
memwy is as em^l as 16 B {bytes) pe- fine of the cache 
memory. 

As deaab&i above, the probEem of slow access to 
an external memory for the DSP function is served by 
replacing tfie internal RAM of the DSP/CPU integrated 
chf) by a cache memory. 

[Ttiird embodiment; program anangament] 

Mow, 8 third embodiment of the invention will be 
described with reference to Fig& 5, 6v 8 and 9. Accord- 
ing to the third embodiment, the problem of slow access 
to fte external memory by the DSP function is obviated 
by considering the manory assignment. 

Fig. 6 shows the detailed relation between the 
DSP/CPU integratKl chip, the internal memory and the 
external memory of the mobile conmiunication terminal 
shown in Fig. 5. As already axplained with reference Id 
Fig. 6. the DSPCPU closetyKnupling core 601 is inte- 
grated as a single bus master. Tlie DSP function and 
the CPU funcHon can, ttierefbrei, both arbitrarily aa»ss 
any of the internal ROM 602, the internal RAM 903. the 
external ROM 611 and the edernal RAM 612. In other 
words, the internal memories and the external memo- 
ries cannot be distinguished Ibr use with DSP or CPU 
and consfitide compiet^y common resources. 

When considering applications to a mobile commu- 
nication terminal, however. It is important to ccmsciously 
distinguish the use of the internal memory from Itiat of 
the externa! memory An example of the internal and 
external memories differently used is ^icfwn in Fig. 8, 
and indudee a DSP/CPU irdegBted chip 800, an inter- 
nal RO/I 801, an internal RAM 602, an external ROM 
803 »id an external RAM 804. These component parts 
con-espond to the DSP/CPU inte^ated chip 60O, the 
internal BOM 602, tie internal 003. the external 
ROM 611 and the external RAM 612, respectively, in 
Fig. 6. in the memory arrangement of Rg. 8, programs 
using the DSP function such as speech oodingfcleood- 
ing, channel coding/decoding and modulaliffli/demodu- 
lation and the constant data for the progranre are 
an^anged in the internal ROM 801 , vMe programs using 
the CPU fmction such as system control, communica- 
tion protocol and user interface and the constant data 
lor the programs are ^ranged bi the axfernal ROM 803. 

This program arrangemsit makes it unnecessary 
for the DSP function to access an ademal memory, and 
thereby otnriates the problem. 



Nevertheless, there may be a case in which a pro- 
gram using ^e DSP funcHon and the const^ data tor 
the program are too large to be stored in the internal 
ROM 801. In such a case, the memory asagnment 

5 shown in Fig. 9 is effertive. Fig. 9 shows a DSP/CPU 
integrated chip 900, an internal ROM 901, an internal 
RAM 902, an external RCHUf 903 and an extemal Pm 
904. These component parts correspond to the 
DSP/GPU integrated chip 600, the Irtts'nai ROM 602, 

10 the internal RAM 603, the externaJ ROM 611 and the 
external RAM 612, reepeclively, in Fig. 5. The memory 
arrangement in Fig. 9, which is basically the same as 
the assignment ^own in Fig. 8, is different from the lat- 
ter in that in Fig. 9, the portions of the programs using 

IB the DSP functions sudi as speech codingAleooding, 
channel coding/decoding and modulation/demodulation 
and the consent data for the programs that require no 
high^eed access are arranged In the extern^ ROM 
903. 

50 A code tabfe as large as 10 Kbytes is searched, for 
example, in speedi coding. In the process, codes are 
read from the code table and processed one by one. 
This process may take several hundred cycles per cede. 
In the case where the large code table of about 10 

zs Kbytes is placed in an extemal memory Qie overhead is 
as small as several % although tie access thereto 
requires sevo'al cycles. Also, all the programs using the 
DSP functions such as speech coding/decoding, chan- 
nel codingAlecocfng and modulationAlemodUation do 

30 not always involve the Multiply and Add operation, but 
include some programs using a flinction similar to wtiat 
is called the housekeeping process. Such a progam is 
generally accompanied by a small amount of process- 
ing and is lajrge in size. Such program portions are pref- 

35 eiabty arranged in the external ROM 903. 

The problem of stow access to an external memory 
for the DSP functions is solved by arranging in Ihe exler- 
rtal ROM the portions of the programs using the D^ 
functions and the constant data for the programs requir- 

40 ing no high-speed aocesst as shown in Rg. 9. 

[Fourth enixxliment: Ng^i-speed access mode manory 
interface] 

4S Now, a fourth embodiment of the invention will be 
described vwth reference to Figs. 5, 10A, 1 0B and 11. 
The fourth embodiment refers to the case in wrtilch a 
memory supporting hig^peed access mxie not used 
in the conventional DSP is directly connected as an 

so external memory for the DSP/CPU integrated chip of 
the first arxi secoixJ embocf ments. 

There are a number of memories supporting a high- 
speed access moda Specifically, an example wfll be 
ecplained in which a burst ROM is direcfly connected. 

5s This invention, however, is not limited Id the burst ROM 
but covers all the memories (synchronous DRAM, syn- 
chronous SRAM, etc.) supporting a high-speed access 
mode. Also, the extemal address described as 20 bits 
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and the oxlemal data described as 8 bits in Fig. 10A are 
for tadStatingthe explanation, and ftte invention is appH- 
cable to all the hit widths of tfie external address and all 
the bit widths of the external data with equal effect. 

Fig. 10A shows a detailed case in which a 
DSP/GPU integrated chip in a mobile communicaiion 
terninal and a external burst ROM in Fig. 5 are con- 
nected to each other. In Fig. 10A, a DSP/CPU inte- 
grated chip 1000 and an e)tternai burst ROM 1009 are 
directly connK^ed lo each otha- through an integrated 
external address bus 1007 and a data bus 1008. These 
conponent parts con'espond to ttie DSP/CPU inte- 
grated chip 1 1 00. the external ROM 1 1 11 , the external 
address bus 1 109 and the data bus 1110, respectively, 
in Fig. 11. Fig. 10A also shows the manner in wirhich a 
DSP/CPU cJosely-coupling core 1001, an internal ROM 
1002. an inte'nal RAM 1003 and an integrated external 
bus interface 1 006 are connected to each other throLi^ 
an Internal data bus 1004 and an internal address bus 
1005 in the DSPrtJPU inte^afed chp 1000. These com- 
ponent parts correspond to the DSP/CPU dceely-cou- 
pling core 601, the internal ROM GOe, the intern^ RAM 
603, the integrated external bus interface 606, the inter- 
nal data bus 604 and the internal address bus 605, 
respeclively, rn Fig. 6. Signals for conbDiling the external 
burst ROM lOra from the DSP/CPU integrated chip 
1000 include a chip select signal (/CS2) 1010 and a 
read si^ (/RD) 1011. These signals are applied to a 
chip en^e terminal (/CE) and an output en^e termi- 
nal {/OE) of the burst ROM 1009. Also, Fig. 10B shows 
a time chart of signals between the DSP/CPU inte- 
grated chp 1000 and the external burst ROM 1009. 

Fig. 11 shews an example memory map 1100 for 
the DSPjO'U integrated chip. In ihis memory 
1100. the burst ROM can be directly connected to the 
space of the ct^ select signal (/CSZ) 1010. Sjfjectfically; 
when the space oi the chip select signal (/CS2) is 
accessed by the DSP/CPU ctosely-conang owe 1001 
of Fig. 10A, the chip select signal {/CSZ) 1010 becomes 
an active tow. and the read signal (/RD) 101 1 performs 
the operation as shown In the lime chart. 

In Ihe case where four successive data are 
accessed in the burst ROM, the access to the first data 
has some overhead but the remaining three data can be 
accessed at high speed. This condition will be explained 
with reference to Fig. 1 0B. Suppcse that the chip select 
signal C/CS2) 1010 becomes low and ttie burst ROM 
1009 becomes active. Four successive data are 
accessed at a time in the burst ROM using the high- 
order bits A2 to A19 (except for the two tow-order bits) 
of the adtfress. After thai, the lour data accessed are 
read out of ttie burst ROM sequentiaBy using the two 
low-order bite AO, A1 of the address. The daita thus read 
out are read into the DSP/CPU integrated chip 1000 at 
the leading edge of the read signal (/RD) 101 1. 

In the example of Fig. 10B, it takes 6 cycles to read 
the fffst data. This is because it indudes the time 
required for accessing the four successive data in the 



burst POM at a time as described above. The subse- 
quent three data, howe«r, are read out in one cycle. 
The effective access cycle. ItKrefore, is glv«i as (6 ■)- 1 
* 3)/4 = 2.25 cycles. This mdicates that the access 

5 speed is higher by 25 % than when 3 cydes are 
required with an ordinary external ROM. 

The protiiem of slow access to an external memory 
for the DSP function can thus be sol ved by directly cou- 
pling a memory supporting a high-access mode. Also. 

10 the overhead generated when a cache memory fails to 
hit can be reduced by combining the fourth embodiment 
with the second embodimMit using a cache nwmory. 

[Fifth embodiment: DRM/I interlace] 

IS 

Now, a fifth embodiment of fie invention will be 
explained mth reference to Fig& 5, 11 12A, 12B and 
12C. The fifth errbodlmerrt raprBsents the case in which 
a DRAM not used in the cawenOonal DSP Is dlrecUy 
20 connected as an external memory for the DSP/CPU 
integrated chip of the first and second embodiments. 

Fig. 12A shows Ihe case in which a DRAM 
(dynamic RAM) is connected directly as an external 
RAM t» provide a value-added service to a mobile com- 
es municBiian terminal. Fig. 12A also shows the detaled 
case in which the DSP/CPU integrated dtvp and the 
actarnal DRAM s-e comeded to each other In the 
mobile communication Iwminal of Fig. 5. In Hg. 12A. a 
DSP/CPU integrated chip 1200 and an extenal DRAM 
30 1209 are directly connected to each other through an 
integrated extemal address bus 1207 and a data bus 

1208. These component parts correspond to the 
DSP/CPU integrated chip 600, the external RAM 612, 
the external address bus 609 and the data bus 610, 

35 respectively, In Rg. 6. Fig. 12A also shows the manner 
in which a DSP/CPU dosely-coifiling core 1201, an 
intern^ ROM 1202, an internal RAM 1203 and an inte- 
grated external bus interface 1206 are connected to 
each other trough an Intemal data bus 1204 and an 

40 Internal address bus 1205 in the DSP^PU integrated 
chip 1200. These component parts correspond to the 
DSF dosely-coMping core 601. the internal ROM 602, 
the intemal RAM 603. the htegratecf ^ennal bus rnter- 
faoe 606, the internal data bus 604 and the irttemal 

« address bus 605, respectively, in Fig. 6. Signals for con- 
boiling the extemal DRAM 1209 from the DSP/CPU 
integrated chip 1200 indude a row address select signal 
CfRAS) 1210, a column address select signal (/CAS) 
121 1 and a write signal (/WR) 1212. These signals are 

so applied to corre^onding pins of the esidemd DRAM 

1209, respectively. Rgs. 12B, 12C show time charte of 
signals between the DSP/C^PU integrated chip 1^0 
and the external DRAM 1209. 

/Ml example manory map 1100 for the GSP/O'U 
ss integrated chip Is shown In Fig. 1 1 . In this memory map 
1 100, a DRAM cm be direcfly ooupt«i to the space of 
tt)e chip select signal (/CS3). Specifically, when the 
space of tils chip select si^al {/CS3) is accessed by 
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the DSP/CPU caosely-cffljpling core 1201 of Fig. 12A, 
tiie row address select signal (/RAS) 1210. the column 
address select signal (/CAS) 1211 and the write signal 
(/WR) 1212 perform the c|)efaBon shown in the lime 
diarteafRgs.12B.12C. g 

According to this inventton, a large-capacfty DRAM 
directly coupled in this manna- can be directiy accessed 
from the DSP fiiiction. TlTe mobile CMnmunicatiwi ter- 
minal as shown in Fig. 5 can be easily equipped with a 
vdue-added service such as ttie voice mail tunction. w 
The audio data cctmmunicated In the mobile communi- 
cation terminal Is compressed to 4 kbits/sec to 13 
kbits/sec. In the case vthete one DRAM chip of 4 Mbits 
is used as shown in Fig. 1 2A, for example, a voice signal 
of S to 1 7 minutes can be stored . is 

[Sixth embodiment: Higher data transfer rate of periph- 
eral circuKs] 

Now, a sixth embodlmaTl of the Invention will be so 
explained with reference to Rgs. 5, 13A, 13B and 14. 
The sixth embodiment is intended to improve the data 
transfer speed of the integrated peripheral circuits of Itie 
first entmdiment 

The conventional independeni DSP chp, in which 2S 
perftheral drcurts are few in number and types and are 
directly oonnected to an internal data bus, is capable of 
high-speed data transfer. T?ie conwentional independent 
CPU chip, on the other hand, has many peripheral cir- 
cuits of various types. The resulting requirement of a so 
peripheral circiit Interface, howevo^. leads to a low data 
transfer rata 

VWth the DSP/CPU integrated dip according to ttw 
invention, the peripheral drciits for ttie DSP function 
are connected to the peripheral drcurts the CPU tunc- 3s 
lion through an integrated periphaal circuit interface. As 
a resLit, a low data transfer rate is caused sometimes 
for the peripheral circiits of the DSP ftnction. 

In view of this, according to the sixtfi embodimwit, a 
plurality of sanpies are transfeired concurrently to to 
Improve the speed of da^ b^ansfer for the integrated 
pffl-iptwral circuits of the first ennbotimerjt 

Fig. 13 shows in det^l the connection between the 
DSPA:pU integrated chip 1300 and the integrated 
baseband AFE 1313 in the mobile communication ter- « 
minal of Fig. S. These component parts correspond to 
tiie DSP/CPU integrated chip 500 and the integrated 
AFE 501, respectively, in Fig. 5. Fig. IGA^iovre, in par- 
ticular, only the portions oS data transler lor exchanging 
date with a RF modem. so 

A serial input-ou^ut circuit (SI01) 1301, a serial 
Input-output drcurt (5102) 1302 and an integrated 
peripheral bus 1303 are involved in the DSP/CPU inte- 
grated chip 1300. These component parts con-espond 
to the DSP peripheral circuit 322, the inte^ed periph- ss 
eral address bus (PA) 320 and the integrated peripheral 
data bus (PD) 321, respectively, in Fig. 3. Although the 
seri^ input-output circuit (SK)1) 1301 is used for both 



input and output functions in Rg. ISA, the serial in(Hit- 
output circuit (SIQ2) 1 302 Is used only for the input func- 
tions. In other words, the DSP/CPU integrated cfnp 
1300 is configured to have one output and two inputs 
with respect to the inte^^ated Ijaseband AFE 1313. 

Tlie conponent eiemems of the integrated base- 
band AFE 1313 related to this embodiment iiclude a 
serial interface 1319, aGMSK (Gaussian minimum shift 
keyr^) modulator 1316, wi ! signal D/A converter 1318, 
a Q agnal D/A converter 1 31 7, an I signal A/D converter 
1315, and a Q signal PJD converter 1314. The RF 
modem and the integrated baseband AFE 1313 
exchange data by m^sof the I and Q analog signals. 

The DSP/CPU integrated chip 1300 and the inte- 
grated baseband AFE 1313 are connected to each 
otiier through signal lines (TXD1) 1304, (STS1) 1305, 
(STCK1) 1311. (RXD1) 1306. (SRS1) 1310, (SRCK1) 
1311, (RDX2) 1309. (SRS2) 1308 and (SRCK2) 1311. 
A timing chart of these signal lines is shown In Fig. 13B. 
The signals on the si£^l Bnes 131 1 and 1312 in Rg. 
iaA are su|:^i)ed from the sy^em timing circuit 20 in 
Fig. 5. The signal line 1312 is used for controlling tfie 
serial Interface 1 31 9. The signal line 1 3 1 1 is for carrying 
a t>asic dock for data transfer, which is supjidied to both 
the DSP/CPU integrated cfqj 1300 snd the intonated 
baseband AFE 1313. 

Now, the trai^r wil be explained in detail. First, 
consider the case in wtsch data are transfen-ed from the 
DSP/CPU integrated chip 1300 to the integrated base- 
band AFE 1313. tn the process, the three signal Bnes 
(TXD1) 1304, (STSI) 1305 and (STCKI) 1311 are 
used. The signal line (STCKI) 131 1 represents a basic 
clock Ibr darta transfer supplied from tie system timnig 
drcuft 520 of Rg. 5 as described atxive. In this case; 1 6- 
bit digital data are transferred bit by bit in synchronism 
with the basic clock. Data having an arbitrary bit width 
can of course be fransfenred in the same manner The 
signal line (TXD1) 1304 represent a one-bit data bus 
for transmission. The signal tine (STSI) 1305 repre- 
sents a frarte sync signal line. The data are output 
sequentiaily bit bit on the signal line (TXD1) 1304 
during the 1 6 ckxte starting with the dock immediately 
following the piise output of this signal. The timing 
irwotved Is shown in Fig. 13B. Starting vflth the dodt 
HTimediately following the pulse oufout on the sign^ Isie 
(STSI) 1305, 16-bit data D15 to DO are output on the 
signal line fTXDI) 1304 bit by bH tor each dock sequen- 
tially from the most significant bit D1 5. 

Now. consider the case in wMdi itie DSP/CPU inte- 
grated chip 1300 receives data from the integrated 
baseband AFE 1313. Two signal data induding the I 
and Q signals are received. First, consider ttte I signal. 
Three signal lines are used, induding the signal lines 
(RXD1) 1306, (SRS1) 1310 and (SRCK1) 1311. file 
signal line (SRCKI) 1311, as d^lbed above, repre- 
sents a basic dock for data transfer supplied from the 
system timing circuit 520 shown in Fig. 5. The 1 6-bjt dig- 
ital data are transferred bit by bit i n synchronism with the 
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basic dock. Data of a grven bit width can of course be 
iranGterred bi ^ same manner. The signal Gne (RXD1) 
1306 repres^s a one-bN data bus for receiving. The 
signal line (SRS1) 1310 represents a frame sync signal 
line. The data on the signal line (RXDI) 1304 are input 
bit by bit sequentially during the 16 clocks starting with 
the clock immediately following the input of the pulse 
signal on the line (SR51) 1310 to the DSP/CPU inte- 
grated chip 1300. The liming involved is also shown in 
Fig. 13B. Hie 16-ixi data D1 5 to DO Irom the doc*; 
invnediaiely following ihe pulse itptA to the signal line 
(SRS1) 1308 are input bit by bit fnom the signal ihe 
(RXDI) 1304 for each clock sequent^ startlr^ with 
the most significant bit D15. The Q signal is also 
received aicactly the same manner as the I agnal. The 
difference fine in that the I signal is received by ttie serial 
input-output circuit (SIOI) 1301 and the Q signal by the 
serial irput-oulput circuit (SICS) 1302. 

Now, the serial InfXit-ojtput ctrciit (SIOI) 1301 and 
tte saial irpuf -output circut (8102) 1302 will be 
explained in detail with reference to Fig, 14. Fig. 14 
shows the portion of the D^^/CPU integrated chip 
related to the present embodiment. Tlie serial irput-oit- 
put circuit (SIOI) 1301 corresponds to the seri^ in^nA- 
ou^ut circuit (SIOI) 1424, and the s&ki input-output 
circuit (SI02) 130e to the serial v^-outpuf draet 
(SI02) 1420. 

The oonfiguratiai of Fig. 14 uidudes a DSP/CPU 
cksely-coupRng core 1400, an internal menmyX 1401, 
an internal memory Y 1402. an integrated peripheral 
t&is interface 1406. a DMAC 1405, a serial input-output 
circuit (SiOl) 1424, a serial input-ou^xjt circuit (SI02) 
1420, and an AND circuit 1429. The DSP/CPU closely- 
couplii^ core 1400, the intemat memory X 1401, the 
internal memory Y 1402, the integrated perpheral bus 
interlace 1406 and the DMAC 1405 are connected to 
each other through the interna] address bus (lA) 1403 
and the internal data bus (ID) {32 bits wride) 1404. The 
serial input-ou^jut circuit (SIOI) 1424 and the serial 
input-output circuit (SI02) 1420 are connected to the 
integrated p^-ipheral bus interface 1406 through the 
inte^ted peripheral buses 1407, 1408, 1409. 

The integrated peripheral bus wicludes an address 
bus (PA) 1407 and a 32-t3it wide data bus (PD). The PD 
bus in turn deludes a 16 high-order bit PD (31 to 16} 
1408 and a 16 low-order bit PD (15 to 0) 1409. In Fig. 
14, the seri^ input-output circuit (SIOI) 1424 Is con- 
nected Id the 1 6 high-order bit PD (31 to 1 6) 1408 of Ihe 
Integrated peripheral data bus, and the serial input-out- 
put circuit {SI02) 1420 to the 16 low-order bit PD (15 to 
0) 1409 of the integrated peripheral data bus. Though 
not shown, the address bus (Rft) 1407 is connected to 
the serial input-output circuit (SIOI) 1424 and the serial 
input-output circuit (S 102) 1420. 

The s«ial input-output circuit (SKU) 1424 includes 
a 16-bit wide data transmission data register (TBRI) 

1427, a 16-bit wide data recelwng data register (RDR1) 

1428, a parallelfeeriaJ converter 1425. a serial/parallel 



converter 1426 and a control circuit 1423. Six signal 
lines (three each for transmission and receiving) 
(RXDI) 1430, (SRCK1) 1432, (SRS1) 1433, (TXD1) 
1434, (STS1) 1435 and (STCK1) 1436 are also shown 

5 bx estchanging data with circuits e)cternal to the chip. 
These signal lines correspond to the signal lines 
(RXDI) 1306, (SRCK1) 1311, (SRS1) 1310. (TXD1) 
im (STS1) 1305 and (STCK1) 1311, respecfively, In 
Fig. ISA. These signal lines are described sixwe in 

10 detail with reference to Rg. 13A. 

The serial input-ou||»* drcuit (SI02) 1420 includes 
a 164)11 wide data trananission data register (TDR2) 

1415, a 16-bit wide data receiving data register (RDR2) 

1416, a parallel/seriaJ converter 1417, a serial/parallel 
is converter 1418 and a control circuit 1419. Six (three 

each for transmission aixJ receiving) signal lines (TXD2) 
1431, (SRCK2) 1437. (SRS2) 1438, (RXD2) 1439 are 
also shown for exchanging data with circuits external to 
frie chip. Among these signal lines, frie signal lines 
20 (SRCK2) 1437, (SRS2) 1438 and (RXD2) 1439 corre- 
spond to (SRCK2) 1307. (SRS2) 1308 and {RXD2) 
1309, respectively^ in Fig. 13A. These signal lines are 
also described dbove In detail with reference to Rg. 
13A. In Rg. 13A, however, the serial input-output drcuit 
(SK>2) 1420 is iBed only for receiving. Consequently, 
the three transmis&ion signal lines (TXD2) 1431, (STS2} 
1440 and (STCK2) 1441 are not shown in Fig. 13A. 

First, explanation wil be made about the data trans- 
missidn u^ng «ie sakl inpuf-out)ut drcurt (SIOI) 1 424. 
so The 16-bit wide transmission data are applied to the 
data transmission data register (TDRl) 1427 through 
the 16 high-order bit PD (31 to 16) 1408 of tie inte- 
grated peripheral data bus. The data are further output 
bit by bit on the one-bit data bus (TDX1) 1434 through 
35 itie parallelfeerial converter 1 425. The ouiput cycle and 
timing are controlled by the control circuit 1423 ushg 
the signal line (STS1) 1435 and (STCK1) 1436. 

Now, explanation will be made about the case in 
which the two 16*11 data received by the seriai input- 
*o output circuit (SIOI) 1424 and the serial input-output dr- 
cuit (SI02) 1420 are transferred through a 32-bit bus. 
The serial input-output drcuit (SIOI) 1424 is supplied 
with the receiving data bit by bit from the signal line 
(RDX1) 1430. The input cycle and timing are controlled 
45 by the control drcuit 1423 using the signal Enes (SRS1) 
1433 and (SRCK1) 1432. The bit string thus input is 
converted into a 16-bit wide parallel data through the 
serial/parallel converter 1426. and input to the receiving 
data register 1428. When the receiving diala register 
50 1428 is supplied with the receiving data and prepara- 
tions are made for transfer, then the control drciit 1423 
activalKthe intenupt signal (INT) 1422 to DMAC. 

The serial input-output circuit (St02) 1420, on the 
(^er hand, is sif^iied wtii the receiving data bit by bit 
from the signal line {RDX2) 1439. The input cycle and 
timing are oontrdied by the control circuit 1419 using 
the signal lines (SRS2] 1438 and (SRCK2) 1437. The 
bit sbrg thus input Is converted hto a 16-bit vwde paral- 
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lei data through ttie seriai^j^lel converter 1418, and 
applied to the receiviig data register (RDFI2} 1416. 
When the receivtng data register CBDR2) 1416 is sup- 
plied with tfte receiving data and preparations are made 
fw transfer, the control drcuif 1419 activates the inter- 5 
rupt signal (INT) U21 to the DMAC. The AND circuit 
1429 produces Ifie logical product erf tie interrupt signal 
(INT) 1422 and the intemipt signal (INT) 1421 thereby 
to interrupt the DMAC 1405. In other words, the data to 
be transferred are pr^red in tfie two 16-bit receiving to 
data registers (RDR1) 1428 and (RDR2) 1416 by the 
time when the DMAC 1405 is interrupted. The DMAC 
can handle the two 16-bit receiving data as a single 32- 
bit datum, and transfer it to the Internal memcyy X 1 401 
or the internal memory Y 1402 through the 32-bit wide is 
irtegrated peripheral data buses 1408, 1409 and the 
32-43et wide internal data bus 1404. 

In this way, the transfier nate of the serial itput-out- 
put Cffcuif can be doubled according to the sixtfi embod- 
iment as cornpared with the bit-by-bit tran^r of 4ie 16- 20 
bit data. The problem of slow data tnaneier of the periph- 
eral circuits fof the DSP function can thus be solved. 

[Seventh en:4xxlimenq 

2S 

Now, a seventh ambodimOTt of the invention will be 
explained with reference to Figs. 5, 15A, 15B aid 16. 
The seventh embodiment is a variation of the sixth 
embodiment. The sixth embodiment uses two serial 
input-oulput cirojits for two receiving signals. The sev- so 
enth embodiment, by contrast uses only one serial out- 
put circuit by time division of two receiving sign^s. 

Fig. ISA showre in det^ the connection between a 
DSP/CPU integrated chip 1500 and an imegrated base- 
band AFE. 151 1 in the mobile oonrvnmication terminat as 
of Rg. 5. These conponent parts cones|3ond to the 
DSP/CPU inte^ed ch^ 100 and the integrated AFE 
501, respedivelji in Rg. 5. Onfy the portions for trans- 
ferrffig data relating to date etchange with a RF modem 
are shown in Fig. 15A. w 

The serial input-output circuit (SI01) 1502 and the 
iitegrated periii^eral bus 1501 are involved in tiie 
DSP/CPU integrated chip 1500. These conponent 
parts con-espond to the DSP peripheral circuit 422, the 
integrated address bus (PA) 320 and the integrated data « 
bus (PD) 321. respectively, in Fig. 3. in Rg. ISA, the 
serial input-oulput circuit (SI01) 1502 is used for irput 
and output funcGons. The DSP/CPU integrated chip 
1500 is configured of one output and two ir^ mth 
respect to the integrated baseband AFE 151 1 . so 

The oonffjonent elements of the integrated base- 
band AFE 1511 accordmg to the present embodiment 
Include a sorial interlace 1505, aGMSK (Gaus^an min- 
imum shift fteying) modulator 1514, an I signal D/A con- 
verter 1 51 6, a Q agnal D/A converter 1 51 5, an I signal 55 
A/D converter 1513, and aQ signal A/D converter 1512. 
The RF modem and the integrated baseband AFE 151 1 
exchange data using the I and Q signals constituting 



an^og signals. 

The DSP/CPU integrated cNp 1500 and the bite- 
grated baseband AFE 151 1 are connected 10 each 
other through signal lines (TXD1) 1503, (STSI) 1504, 
(STCK1) 1509, (RXD1) 1508. (SRS1) 1507. (SRCK1) 
1503 and (IQFLAG) 1506. A timing chart of these signal 
lines is shovm in Fig. 15B. The signals on the signal line 
1509 and the signal line 1510 in Rg. 15A are supplied 
from the system limirig circuit 520. The signal line 1 510 
is used for controlgng the serial interface 1505. The sig- 
na line 1 509 re(»%ents a basic dock for data transfer 
and is supF^ied to both the DSP/CPU integrated ch^ 
1500 and the integrated baseband AFE 151 1. 

Now, the transfer operatran will be descrtied in 
detail. The data tr^isfer from the DSP/GPU integrated 
chip 1500 to the integrated baseband AFE 1511 is 
exactly the same as ttiat in the case of Fig. 1 3A ^ vdl 
not be explained. 

Consider tfie case in which the DSPAPU inte- 
grated Chi) 1500 receives data from the integated 
basdjand APE 151 1 . Two signal data including I and Q 
signals are received. Fig. 15A shows the case in which 
the two signals are time-division multiplexed. At this 
time, four agnal lines (RXD1) 1508, (SRS1) 1507, 
(SRCK1) 1509 and (IQFLAG) 1506 are used. The ag- 
nal line (SRCK1) 1509, as described ^ove, represenfe 
the basic clock tar data transfer supplied from the sys- 
tem timing drcuA 520 of Fig. 5. ti this case, too, l&bit 
digital data are frartsferred bit by bit in synchroniaii with 
the basic dock. Data of an aibitary bit width can of 
course be tensferred in the same manner. The signal 
line (RXD1) 1 508 is a one^it data bus for receiving. The 
signal line (SRS1) 1507 is a frame sync signal line. The 
data on the signal line (RXD1) 1508 are input sequen- 
tially bit by bit during the period of 16 docks starting with 
the ckxk immecSately following the time when this sig- 
nal is input to the DSP/CPU integrated chip 1500 as a 
pulse. 

The timing involved is shown in Fig. 1 5B. In this Sm- 
chart, the I signal is first irpul. followed by the Q sig- 
nal. First, the 16-bit data 115 to 10 are sequentialy input 
with ihe most s'gnif leant bH 115 first from the signal line 
(RXD1) 1 508 at the rate of one bit per dock starting with 
the dock immediately following the first pulse of the sig- 
nal line (SRS1) 1507. Then, the 16-bit data Q15 to QO 
are input ttie most signif icart bit Q1 5 f rst from the signal 
line (RXD1) 1508 sequentially at the rate of one bit per 
Qkxk starting with the dock immediately following 1he 
second input pulse of the signal tine (SRS1) 1507. TTie 
signal line (IQFU\G) 1506 is us«i in order to identify the 
data transferred by the signal line (RXD1) 1508. In Rg. 
15A, the signal line (»FLAG) 1506 is kept hig^i durerig 
the transfer of tfie I sigial. 

Now, the serial Input-output drcuit (8101) 1502 in 
Fig. 1 5A will be explained in detail with reference to Rg. 
16. Fig. 16 shows the portions of the DSP/CPU inte- 
grated chip relating to ttie present embodiment. The 
serial input-oulput circui! (SI01) 1502 oorresporels to 
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the serial ir^xjt-output circuit {Si01) 1631 . 

The configuration of Fig. 16 indudes a DSP/CPU 
clos^y-coupiing core 1 600, an internal memory X 1601 , 
an interna] memory Y 1602, an integrated peripheral 
bus interface 1606, a DMAC 1605 and a serial inpirt- 
oulput circuit (S101) 1631, The DSP/CPU closefy-cou- 
piing core 1600. the internal memory X 1601, the int^- 
nal memwy Y 1602, Bie integrated peripheral bus 
interface 1606 and the DMAC 1605 are connected to 
eac^ other through an int&nal address bus (lA) 1603 
and an unternal data bus (ID) (32-bit wide) 1604. The 
serial input-oulput circuit (SI01) 1631 is comected to 
the integrated peripheral bus interface 1606 through the 
integrated peripheral buses 1607, 1608, 1609. The inte- 
grated peripheral bus includes an address bus {PA) 
1607 and a 32-bit wide data bus (PD). The PD bus 
includes the 16 high-order bit PD (31 to 16) 1608 and 
ttie 16 low-order bit PD (15 to 0} 1609. 

The serial input-output circiA (8{01) 1631 Includes 
two 16-bit wide data tansmission data registers (TDRU) 
1 829, (TDRL) 1 630, two 1 6-bit wide data receiving data 
registers (RDRU) 1614, (RDRL) 1615, two multiplexers 
(MUL) 1628, 1616. a parallel/serial aswerter 1627, a 
serial/parallel converter 1617andaconfTri circiit 1619. 
The data transmisaon data register (TDRU) 1629 and 
the data recaving data register (RDRU) 1614 are con- 
nected to the 16 high-order bHPD (31 to 16) 1608 of the 
inte^ated pari^ral data bus. Tbe data transmls»on 
data regfeter (TDRL) 1630 and the data recelwtg data 
register (RDRL) 1615are connected to tie 16low-order 
bit PD (15 to 0) 1609 Of the integrated peripheral data 
bus. Seven signal lines for exchanging data witfi circuits 
Vernal to the chip are also shown. They include three 
signal lines (STS1) 1625, (STCK1) 1624 and (TDXI) 
1626 tot transmission, and tour slgn^ lines (SRS1) 
1520, (SRCK1) leai, (RXD1) 1623 and (IQFLAQ) 1622 
for receiving. These signal Snes are exptained in detail 
above with reference to Fig. 15. 

First, explanation will be made about the case in 
which data are tran.smitted using t!ie serial input-ouipirt 
circuit (SI01) 1631. Two 16-bit wide Iransntission data 
are input through a 32-btt integrated peipheral data bus 
PD (31 to 0) to two 16-bit wide data transniission data 
registers (TDRU) 1629 and (TDPq 1630, The data reg- 
ister (TDRU) 1629 is supplied through the 16 high-oidsr 
bit PD (31 to 16) 1608, and the data register (TDRL) 

1630 through the 16 low-order bit (15 to 0) 1609. Then, 
the multiplexer 1 628 selects which of the data in the two 
Iransmisaon data registers is to be transmitted. The 
selected 16-bit wide data are output on the 1-bit data 
bus (TDXI) 1626 bit by bit through the paiallel/serial 
converter 1627. TTie output cycle and timing are control- 
led by the control circuit 1619 uang the s^nal lines 
(STSI) 1625 and (STCK1) 1624. 

Now. explanation will be made about the case in 
which two 16^)it wide data (I signal data and 0 signal 
data) received by the serial input-ou^ut circuit (SI01) 

1631 are transferred concurrently through a 32-bit bus. 



The serial input-output dixajit (SI01) 1631 is stapled 
Mth the receiving data bit by bit from the signal Sne 
(RDX1) 1623. The input cycle and timing are controled 
by the control circuit 1619 using the signal lines (SRS1) 

B 1620 and (SRCK1) 1621. The bit string thus input are 
converted into 16-bit wide parallel data through the 
serial/parallel converter 1617, and are applied to one of 
tfia two rec«ving data registers. The receiving data reg- 
ister to which the sigral is input is determined by the 

10 multiplexer (MUL) 1616. The multiplexer (MUL) 1616 is 
SMfltched Ijy a control signal generated by the contrd cir- 
cuit 1619 on the basis of tfie signal line (IQFLAI3) 1622. 
The 1 signal data are affiled to the regiaer (RDRU) 
1614 and the Q signal data to the register (RDRL) 1615, 

75 for example. 

When the receiving data are applied to the two 
receiving data registers (RDRU) 1 61 4 md (RDRL) 1615 
and preparations are made for transfer, then the control 
circuit 1619 acUvsfes an Inten-upt signal (IhTT) 1618 to 

90 the DMAC thereby to interrupt the DMAC 160& TTie 
DMAC handles two 1 6-bit receiving data as a single 32- 
bit data and can transfer it to the internal memory X 
1601 or the internal memory Y 1602 through the 32-ljt 
wide Integrated peripheral data buses 1608, 1609 and 

25 ttie 32-bit wide Internal data bus 1 604. 

In this way, the transfer rate of the serial input-out- 
put drcuit can be doubled by using the seventh embod- 
iment as compared with the case in which 16-bit data 
are frwisferred one by one, and thus the (XoWem tif 

30 i^ow data transit can be st^ed for the peripheral dk- 
cuit of the DSP function. 

[Etghth embodiment: power an^ifiercontroQ 

35 Now, an eghth embodiment of the invention will be 
exfteined with reference to Figs. 2, 5, 17A, 17B, 18, 19, 
20A, 20B. In the conventonal GSM mobile commirica- 
tion terminal showm in Rg. 2, the low efficiency of the 
system configuration due to the overhead between DSP 

40 and CPU poses the proaem. According to the present 
embodiment, such m overhead is eliminated as the 
DSP funcfion and ttie CPU function are integrated with 
each other as In the first embodiment Tlierefore, the 
mobile communicalim terninal can be configured effi- 

45 dentty. 

^Gif ically. consider tt»e power amplifier control ot 
the RF section. The mobile communication termini 
shown In Figs. 2 and 5 is responsible for controlling the 
output of the power anplifier of the RF section on the 
so basis of an instruction from the base station. In the con- 
ventional cortfiguration of power amplifier control, the 
communication overhead often occivs t>etween DSP 
and CPU. 

First, the overhead will be briefly explained vMi ref- 
55 erenoe to Figs. 1 and 1 8. The procreang at the commu- 
nication terminal of the mc^iie communication system is 
etplained already wth reference to Fig. 1 . 

Rg. 18 shows how *iis fsrocess is realized fay the 
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irwenHon and by the prior art. In the prior art using two 
irriependent DSP and GPU, the user interlace process, 
system control and the communication protocol process 
are resized by a CPU chip, w^ille the audio cod- 
ing/decoding, the oommunication path coding/decoding s 
process and the modulation/demodulation process are 
realized by a DSP chip. An exchuige of data with the 
l33se station requires the comnwication path cod- 
ing/enoodng and the modulationAlHTxxluEation process 
requires realized by the DSP chip. This «i turn mates it to 
necessary to exchange the data on the communication 
protocd process with the base station. As a result, the 
CPU chip is required to cwnmunicate with the DSP chip. 
This communication oveitiead is illustrated with refer- 
ence to the prior art in Rg. 18. ^ 

What the output <rf the power amplifier of the RF 
section is oontrolled, on the other hand, the D/A con- 
verter 203 for controlling the power anpltfler PA in Fig. 2 
Is required to be accessed. Since the D/A converter 203 
for controlling the PA is physicaly connected to the DSP so 
chip, twwwer, the CPU chip is required to oommunlcale 
with the DSP chip whenever necesssuy 

According to this invention, by contrast all the dig- 
ital processes including the user interface process, the 
^ein control, the communication protocol prooees, £& 
the audio ooding/tiecQding process, the ccmmunication 
path codingAjecoding process and the modula- 
tionftlmodulation process are resized tjy a DSP/CPU 
intepated chip, As shown in Fig. 18. therelbre, the GPU 
cl^ has no overhead with »ieD^ch^ and ttie system m 
can be eff ioerttly configured. 

The ovahead will be eoqjlained in deteil with refer- 
ence 1o Figs. 20A, 20B. The moMe communicalibn ter- 
minal stuwn in Figs. 5 and 2 is first ajpplted with the 
irBtructicn data tor the power amplifier output control of as 
the RF section from the base station. 

in the prior art shown in Fig. 20A, this receiving 
data are sent to ttie DSP chip. Fig. 20A shows the sub- 
sequent processes In a flowchart. 

First the DSP chip peribrms the demodulation 
process and the channel decoding process for the 
receiving data. Then, the CPU chip is interrupted by the 
DSP chip to deliver the data sentthweto to the protocol 
process. The GPU diip thus iitermpted su^ends the 
program under execution, saves the internal status, and *b 
receives the receiving data from the DSP chip. After 
that, the CPU chip executes the protocol processing 
program to decode the recetwing data, and coming to 
know that it is an instruction for power amplifier ou4)iit 
control. oJputs the control data. The CPU chip Inter- so 

the DSP in order to access the power ampli- 
fier PA control D/A converter comected to the DSP chip. 
The DSP chip thus intenijpted suspends the program in 
execution, saves the Internal condition, and receives 
from ttie CPU chip an instfucfion and control data for ss 
driving the PA control D/A convertffl-. The DSP chip thus 
drives ttie DSP peripheral circuit for analog front end 
AFE havii^ the FA control D/A converter built therein. 



thereby controlling the power amplifier output. The 
procesBing flow of the prior art is descrSjed above. The 
overhead portion is shadowed. 

Such ifje need of an overtiead is completely elini- 
nated according to the present invention using the 
DSP/CPU integrated chip shown in the flowchart of Fig. 
20B. This is due to the fact that the integration of the 
DSP function and the CPU function elintnates the 
requrement for the oomnunication between the DSP 
process and the CPU process and that the integrated 
peripheral circuits of the DSP and CPU permits the DSP 
peripheral circuit to be directly accessed by the CPU 
furxMion. 

Now, explanation will be made in detail about the 
direct access nrade by the CPU funcfion to the DSP 
peripheral circuit with reference to Figs. 17A, 19. In 
other words, the explanation reters to the case in whidi 
the protocol processing program €K6CUted by the CPU 
accesses directly the D/A converter for controlling the 
power anplifiK^ PA. 

Rg. 17A shows, in enlarged form, only the rdated 
part of flie joint between the DSP/CPU integrated chijj 
500 and the power amplii^ PA control D/A CMwerter 
504 of a conrninicatiai termmal. A serial ir^ut-output 
circuit SIO 1713, a BIT I/O drcuH 1714 sstA an inte- 
grated peripheral bus are Involved in the DSP/CPU inte- 
grated diip 1712. 1T» component elements of an 
NiepBted baseband AFE 1700 relating to this embodi- 
ment include a serial interface 1701, a power ramping 
RAM 1703 and a PA control signal D/A converter 1702. 
The power ramping 1703 has an output waveform 
biit therein as a sample data. Fig. 1 7A ^ows the case 
of six samples. Any number of samples, however, can of 
coiffse be enrplcyed. farx example waveform 1704 
formed by the six Ixiilt-ln data is also shown in Fig. 15A. 
The integrated tiaseband AFE 1TO0 controls the power 
amplifier by a PA control signal which is an analog sig- 
nal. Tr\B output waveform buiH In the power ramping 
RAM 1 703 is converted Into an analog signal and output 
as a PA control signal 1705 at a timing designSed by a 
transfer start signal 1706. 

Fig. 1 9 shows the timing designated by the transfa 
slart signal 1706 and required wareforms of the power 
ampifier. The communication system is a ti'me- 
division system inducing eight time slots (577 ps) for 
each frame (4.S15 ms). The fransmisaon is activated 
during one tinw slot in one frame [8 time slots). Ttnis the 
timing indicated by Tx represerts the timing designated 
by the fransfer start signal 1 706 In Fig. 17A. Character 
Rx in Fig. 1 9 shows the receiving timing, A recpjired out- 
put waveform of the power amFdifier is shown in the 
lower part of Rg. 19. As shown in Fig. 19, the GSM 
communication system severely restricts the ramping of 
rise and fall as well as the amplitude of the output wave- 
form. The power ramping RAM 1 703 of Fig. 1 7A is used 
tor satisfying this requirement. 

Turning to Fig. 1 7k, the explanation will be contin- 
ued. The DSP/CPU inteyaled chip 1712 and the inte- 
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grated baseband AFE 1700 are connect to each 
other ttirough signal lines fjm) 1710. (STS) 1709, 
(STCK) 1708 and f/OTHL) 1711. Hie timing chart for 
these signal lines is shown in Fig. 17B. The signals 
1708, 1707 and 1706 In Fig. 7A are supplied frcm the g 
system timing circuit 520 of Fig. 5. TTie signal line 1707 
is used lor controlSng the se-ial inlerface 1 701 . The sig- 
nal line 1708 represente a basic dock for data transfer 
and is supf^ied to both tlie DSP/CPU IntegrHtBd 
1712 and the integrated baseband AFE 1700. w 

Now, the operation of writing data in the power ram- 
ping RAM 1703 will be axj^ained in detail. Tlie basic 
operation of transferring data from the DSP^PU inte- 
grated chip 1712 to tfie integrated bas^nd AFE 1 700 
is substantially the same as that explained with refer- i* 
ence to Figs. 13A, 13B, 15A, 15B. The difference lies, 
however, in thai art adcfrese is required for designating 
oie of the six wnlries to be written of tie power ramping 
RAM 170a. For tlHS purpose; the system of Rg. 17A 
uses a format in which the first 10 bits of the 1 6 t»ts in 20 
the transfer data repress data and the last six bits an 
address. These spedfic bit lengths of course are set 
provisionaBy for facilitating the understanding, and any 
number of bits may actually be used. Four signal lines 
(TXD) 1710, (STS) 1709, (STCi^ 1708 and (/CTRQ ss 
1711 are used In- transfer. The signal line (STCK} 1708, 
as described dkxm, represents a basic clock for data 
transfer supplied from the systan liming drcuit 520 of 
Fig. 5. In the case unds^ consideration, 16-bit digital 
data are transferred t»t by bit in synchronian with this 30 
basic dock. Alternatively, data of an arbitrary bit width 
can of course be transferred in the same manner. The 
signal line fTXD) 1710 is a 1 -bit data bus for transmis- 
sion. The signal line (STS) 1 709 is a frame sync signal 
line. During the 16-doclf period from the clocl< immedi- ss 
ately fcrflowing ttre pulse output of this signal, the data 
are ou^ut sequentially bit by bit onto the signal line 
(TXD) 1710. 

The timing of this operation is shown in the lower 
part of Fig. 1 7B. The 1 0-tat data D9 to DO and the 6-bit 40 
address AS to AO are sequentially output starting wHh 
the most significam bit D9 at ttie rale of a bit per clock in 
succession onto the signal line (TXD) 1710. In order to 
distinguish from the normal transfer mode described 
with reference to Figs. 13A, 13B, 15A, 1SB, the signal 4S 
(/CTRL) 1711 is used. When the signal (/CTRL) 171 1 is 
active, the 10-bit data are written in the internal 
resource of the integrated baseband AFE 1 700 desig- 
nated by ttie &bit address. In the case where data are 
written in the six entries of the power ramping RAM so 
1703, six 16*it data having six con-esponding 
addresses and data are transferred as required. 

As described above, the power amplifier control 
involves norie of the processes requiring the DSP func- 
tion such as the Multiply and /tecumuiate calculation. In 55 
spite of this, the DSP chip is inferripted simply for 
accessing the DSP pertE^ieral circuit in the prior art, 
According to the present invention, such a wasteful 



(werhead does not occur saioe the CPU functbn can 
directly access the DSP peripheral circuit. 

[Ninth entwdiment: ASICdrcuifl 

Now, a ninth enisodiment of the invention will be 
explained with reference to Figs. 5 and 21. The ninth 
embodiment refers to the case in which a high-speed 
dedicated circuit is added to the DSP/CPU integrated 
chip on which the first embodiment is based. 

The foregoing embodimente are assumed on a 
standard general-purpose DSP/CPU integrated drcUt. 
If a system is to be efficiently realized to suit each spe- 
crfic application, however, a high-speed dedicated dr- 
cuit /VSIC (application specife integrated circuit) is 
required to be Incorporated. Explanation will be made 
about how to configure such a drcuit within the frame- 
wtk of the invention. A possible exartple of the ASIC 
drcuit includes an A/D converter, a D/A conMsrter and a 
serial interface circuit in Vie integrated AFE 501 of Fig. 
5. 

Fig. 21 shows the portions of the DSPA^PU inte- 
grated cNp relating to the present embodiment, an 
external memory and an edema! bus. The oonligurHtion 
of Fig. 21 includes a DSPKPU dosdy-coupSng core 
2100. an internal memory X 2101, an internal memory 
Y 2103, an integrated perif^rsl bus interface 2116. a 
DMAC 2101, an integrated external bus interlace 2118, 
an integrated ASIC bus interface 21 1 7, a standard DSP 
peripheral circuit 2104, a standard CPU peripheral dr- 
cuit 2105 and an ASIC circuit 2106. The DSP/CPU 
dosely-coupling core 2100, the DWIAC 2101, the inter- 
nal memory X 2101, the Internal memory Y 2103. the 
integrated per^heral bus interface 2116, the integrated 
ASIC bus interface 21 1 7 and ^e vitegrated external bus 
interface 21 1 8 are connected to each other ttirough the 
intern^ address bus 2109 and the internal data bus 
2108. The standard DSP per^heral ciraiit 21 04 and the 
^dard GPU peripheral drcuit 2105 are connected to 
the ritegrated peripheral bus iiterface 21 16 through flie 
address bus PA 21 10 and the data bus PD 2111. 

The ASIC drcuit 2106 is conneded to the inte- 
grated ASIC bus interface 21 17through an address bus 
(AA) 2112 and a data bus (AD) 2113. The extwnal 
memory 2107 is connected to the integrated external 
fcHJS interface 2116 through an address bus (EA) £114 
and a data bus (ED) 2115. In the configuration of Fig. 
21. the integrated ASIC bus imerface 211 7 is connected 
to the internal bus in pamllef with the Integrated paph- 
eral bus interface 21 16. The integratai ASIC bus inter- 
iacs 21 1 7 is not required to accommodate the various 
peripheral drcurts but can be realized with a simple, 
high-speed strudur& The ASIC drcuit 2106 may be 
d&ectly coupled to flie internal bus in some cases. 

As described above, a high-speed exdusi\% drcuit 
can be incorporated by preparing a high-speed, simple 
int^rated ASIC bus imerface independent of the stand- 
ard integrated peripheral bus mierface. A syst^ suifa- 
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ble en' a specific application can llms be efficiently 
realized. 

[10th errfcodimenti 

5 

Finally; a tenth enixxfimerrt of the invention will be 
explained with reference to Figs. 3, 22, 23 and 24. TUs, 
emtxxf mem reters to a method of preparing a compiler 
for delivering data from a high-level language such as 
the C language executed by the CPU function efficiently ic 
to the assembter program executed by the DSP function 
in a DSP/CPU integrated chip. 

Fig. 3 shows an internal structure of a DSP/CPU 
closely-coupling core on which the invention is based. 
As desCTibai above, the CPU core 307 and the DSP ?s 
engine 306 operate concurrently at ttie time of execut- 
ing the DSP function. More specifically, the CPU core 
307 functions as an addressing int of the DSP engine 

Fig. 22 shows, in enlarged form, the portion of the so 
CPU core 307 of Fig. 3 related to the present embodi- 
mfflit. The components shown in Fig, 22 include a CPU 
core 2203, three internal address buses (lA) 2202, (XA) 
2201 and (YA) 2200. Fig. 22 also shows 16 registers 
2209 (FW to R15), a shifter (SFT) 2210. an ALU 221 1, 2s 
an add-ALU (auxiliary ALU) 2t 12 and a program coun- 
ter 2204 in the CPU core 2203. At the 6m of executing 
the Da» function, the four reisers R4, R5, R6, R7 of 
the 16 registers 2209 are used for data access through 
the internal address buses (XA) 2201 and (YA) 2200. so 
The registers R4 and R5 are connected to the address 
bus (XA} 2201, while R6 and R7 are connected to flie 
address bus (YA) 2200. 

Tlie manner in which the this CPU core functions as 
an address operator of the DSP engine be 
explained with reference to Rg. 24. Fiiw fcidlitating the 
explanation of the DSP function, a simple Multiply and 
Accumulate calculation will betakm as an example. An 
assembler expression 2400 of the Multifriy and Accumu- 
late calciJafion realized by the DSP function is shown in 40 
the upper part of Rg. 24. The hardware in the DSP/CPU 
integrated chip used at m time is sh0¥vn in the centraJ 
portion d Fig. 24. The hardware inductes an mm 
(internal memory X) 2413, aYMB/l (internal manory Y) 
2412, four GPU core registers (R4) 2415, (R5) 2414. 45 
(R6) 2411 and {R7) 2410, four registers (XO) 2416, (YD) 
2409, (MO) 2407 and (AO) 2405 for the DSP engine, a 
multiplier 2408 for the DSP engine and an ALU 2406 for 
theDSPengfrte. 

Four arrows 2401, 2402, 2403. 2404 irxiicate the so 
hardware related to the assemble expression 2400 tit 
the MulUJly and Accumulate calculation. The assembler 
eixpression 2400 is divided into four portiore for desig- 
nating the concurrent operation oon-esponding to the 
four arrows 2401. 2402, 2403, 2404, respectively The ss 
first pOTlion designates the adtSfion of the cwitents of 
the re^er (AO) 2405 and the content of the register 
(MO) 2407, and the sum is stored in tiis register (MO) 



2405. The sBccHid portion designates nuiltfriicatlon of 
the contents of the regisler (XO) 2416 and the resistor 
(VO) 2409, and the product is stored in the register 
(MO) 2407. The third portion designates the reading of 
data from the Internal memory X, in which the XMEM 
(internal memiyy X) 2413 is accessed with the content 
of R5 as an address, and the data thus read are stc»ed 
in the register (XO). The fourth portion designafee the 
reading of data from the internal memory Y, in which the 
YMEM (intern^ memory Y) 2412 Is accessed with the 
content of the register (R6) as an address, and the data 
thus read out is stored in the resistor (YO). 

As described above, according to this embodiment, 
four CPU core registers (R4) 2415. (R5) 2414, (Ft6) 
241 1 and (R7) 2410 are used as an address pointer for 
the DSP engine Especially, the registers (R4) 2415 and 
(R5) 241 4 are used as a pointer for the internal memory 
X. and the registers (R6) 241 1 and (R7) 240 as a pdnter 
for the imernal memory Y lor concurrent access. 

Now, let us conader the manner in which the 
assembter program shown in Fig. 24 is called from the 
C language with reference to Fig. 23. In Fig. 23, this 
assembler program is called by the name of mac-sss. 
The program of Fig. 23 is so simple that the Mu\Spi^ and 
Accumulate is taken for two arrangements of four ele- 
ments. In the DSP program including this exanple, the 
leading address of the arrangement on which execution 
of the Multiply and Accumulate is desired is naturally 
delivered as an argument. As a way of deliv»ing Itie 
argument to the compiler, the first four ^gumants of a 
functfon are effedively assigned to the four CPU core 
registers used as address point^s of the DSP engine. It 
follows, therefore, that in the example o! Rg. 23. the 
leading acWresses of the two anays for which the Multi- 
ply and Accumu^te is taken are delivered to the regis- 
ters FtS and R6. As seen from Fig. 24, the registers R5 
and R6 can be immecfately used for concurrent access 
to the memory as X and Y pointers respectively, thereby 
leading to a high efficiency. 

TTie assembler program that has received the argu- 
ment can thus elfiGienfly acecute the DSP functfon by 
the atowe-menlioned method of register asagranem fw 
a high-larel language conpier. in vMctt the first fbir 
arguments of a function are assigned to four CPU ewe 
registers used as address pointers of the DSP engine. 

The invention developed by the present inventors 
has been specifically explained above on the basis of 
embodiments. The present invention, however, Is not 
limited to such embodiments, but various modifications 
thereof are of course awaibble without departing from 
the scope and spirit of the invemion. Also, the embodi- 
ments can be combfcied or r^aced with one another. 

INDUSTRIAL APPLICMIUTY 

The effects of the r^esenfative aspects of the 
present invention disdoeed in ttre patent application will 
be explained briefly below. 
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Specificatly, the advantage is that the memory sys- 
tems and tho poTf^aj circuits of the DSP function and 
the CPU function are Integrated th^efcy to realize a 
mobile conmunication terminal system low in cost and 
power consun^tion arxJ small in size. s 

Also, flie versatility of distributing common internal 
and external memories arWtrarily l>^ween *e DSP and 
CPU functions penmils efficieit use ol the memories 
incorporated in ^ syst^. 

Further, an eodraneous overheat is eliminated from 10 
the commuiication between the DSP function and the 
GPU fundkm, and therefore a mobile communication 
terminal system can be efficienify configured. 

Claims IS 

1 . A terminal apparatus comprising a microprocessor 
having a DSP functiwi (600) sni a CPU function 
intsgrafted wth each other as a single bus master, 
and an internaf memory space and an external 20 
memory space integrated as a sinsle memory 
space, wherein 

the DSP function includes a piirality of internal 
memories (602, 603] and a ptirolity erf buses ss 
(604. 605) for connecHng said intarnat niemo- 
ries for executing fie nwi-recuisive filter opera- 
tion constitutirfl a basic operafion of the digital 
signal processing at the rate of one cyde per 

t^, 30 

and said CPU function (600) is capable of eiffi- 
cufing a basic instnjction for any of such oper- 
ations as calculation, internal meniwry access 
ard data transfer at the rate of an instruction 
p^ cycle, and ther^y cap^e of compiling a ss 
program written in a high-level tanguage into 
said basic instruction and «»cuting said basic 
instruction efllctently. 

2. A tennvial apparatus accorcftig Id Claim 1 . further « 
comprismg an integrated peripheral drojit (503) 
accessible from both the DSP fmctiwi (600) arel 
1heCPUfimction(600). 

3. Aterminal apparatus according to d^ml, wherein « 
said microprocess(x^ comprises a directly-coupled 
interface (1006) for m external memory having 
high-speed access mode. 

4. A terminal apparatus according to Claim 1 , v^ierein so 
said internal memory has built herein an audo 

codingftfecoding program and a communication 
path codingAdecoding program (801), and said 
external memory has stored theran a communica- 
tion protocol program and a user interface program 55 

(803). 

5. A termkiai apparatus according to Qaim 1 , wherein 



said microprocessor comprises a cache memory 
(704) and means for controlling the cache manory. 

6. A terminal apparatus aoccHding to Claim 2, wherein 
sakd microprocessor (1300) is capable of b'ansfer- 
ring a plurality of input-output samples collectively 
from a serial input-oulput circuit to the internal 
memory and the extemal memory. 

7. Aterminal apparatus according to Claim 1 , wherein 
said micrcpocessor comprises an interface (1206) 
directly connected to an extemal DRm, said inter- 
face being directly acoessit^e by the function capa- 
ble of executing the non-recursive filter calculation 
providing the basic operation of digital sign^ 
processing at the rate of one cyde per tap. 

8. A method configuring a high-level language com- 
piler for generaSng a mlcrot»xx!essor program used 
for the terminal ff>paratus according to Claim 1, 
wherein at least an address register for a digital sig- 
ral processor realizing ttie DSP function is mapped 
to a subset of registers for a central processing unit 
realizing the CPU ftjnction thereby to deliver at 
least an angument to said subset of the registers of 
said central prooesang unit. 

9. A temiinai apparatus for Reefing radio oommuni- 
calion by exchanging data whh a base station, com- 
prising: 

a data processing unit (500) for executing a 
program stored in memory; and 
a memory inclucfing an area (801) storing a 
program for perfomiing the audfo cod- 
ing/encoding process, an area storing a pro- 
gram for performbig the speech decoding 
process, an area stwirtg a program tor perform- 
ing the channel decoding process, an area 
(803) storing a program for controlling the com- 
munication protocol vwth the base station, and 
an area sfc^g a program tor controlling the 
interface with the user; 

wherein each of said areas of said memory is 
arranged in an address s^^ice of said data 
processing unit. 

10. A terminal apparatus according Id Claim 9, wherein 
said data processing unit includes a digital signal 
processor for exeoiing the audio coding process, 
the speech decoding process, the communication 
path coding process and the commimicaition path 
decoding, and a central processing unit for control- 
f rtg the communication proiocol with the base sta- 
fion and also controlling the interlace with ttie user, 
wherein said digtal signal prtKessor and said cen- 
tral processing unit are fomied on a angle smioon- 
(tiotor substrate. 
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11. A lernrinal apparatus acconing to aaim 9 or 10, 
wherffin said memory built n said data proofing 
unit lias said area storing a program 1br executing 
the audio coding fM-ocess, said area storing a pro- 
gr^ Ibr executing the speech decoding process, 5 
said area storing a program for executing the com- 
tnurncalion path coding, and said area storing a 
program for executing llie oomminicalion path 
decoding. 

10 

12. A terminal apparatus according to any one of 
Claims 9 and 10, wherein a mfflnory external to 
sad data processing unit has an area storing a pro- 
gram for contrdiing the communication protocol 
with the base station^ an storing a program is 
for controlling tie interfiace with the user. 

13. A terninal apparatus accoreing to Claim 9 or 10, 
wherein said data (i^ocessing unit mdudes, in tlie 
address space of said central processing unit, a ao 
serial input-output circuit lor interfacing with an ana- 
logftSgital oonwrter circuit and a dgptal/analog cert- 
verier circuit 

14. A data f»ocesslng system comprising: 2S 

a digital signal processor capable of executing 
the non-recursive filter operaBon at the rate of 
one cycle per tap; 

a central processing unit; and 30 
a memory arranged in the address space of 
said central proces^ng unit 1br storing a 
procesang program of said digital signal 
piDces^ng unit and said central processir^ 
unit 35 
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FIG. 2 
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